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Abstract 
The aim of this research is to establish a better framework for guiding the design of 
context-aware mobile social applications from a socio-technical perspective.  
The social and physical context of any activity impacts how people conduct those 
activities and how they use technology. Social contexts are possible information 
sources that can foster connections between application users, but they are also 
minefields of privacy concerns and have great potential for misinterpretation. Hence 
a socio-technical and human-centred approach is needed to inform the design of 
technologies in this space. Agile ridesharing was chosen as the test domain for the 
research because its success relies upon effectively connecting people through 
mobile technologies. 
Agile ridesharing is the practice of arranging ad hoc vehicle rides in real time 
through mobile social applications commonly used on smart mobile phones. The 
progress of negotiation and decision making about sharing vehicle rides depends 
heavily on physical and social context. Agile ridesharing addresses the real problem 
of effective transport at lower cost while reducing the burden of traffic congestion.  
This research examined the various social contexts of ride sharing in order to support 
the practice of ridesharing activities within daily travel by drawing upon and 
adapting methods from participatory design and development, social data mining and 
interaction pattern analysis.  
One of the principal methods used has been participatory analysis, namely, the direct 
involvement of prospective users in the analysis of their daily travel in order to 
unpack the complexities of a non-routine and contextualised daily travel activity and 
to understand users’ concerns with and motivations for ridesharing. This real in-the-
moment activity then informed the design of a ridesharing application. Then, an agile 
iterative participatory development method was undertaken to transform people’s 
social needs for ridesharing into application features and these features were 
evaluated in a series of ridesharing experiments in the wild (outside the laboratory), 
followed by focus group discussions to obtain participants’ interpretations of their 
interactions.  
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The findings show that, in many cases, socialising represents a primary consideration 
in ridesharing, where people generally wish to support friends or find ways to spend 
time with them. The role of design in a highly socialised and contextualised daily 
activity is to streamline communication for sharing; however, people use different 
communication channels and different socialising applications to connect with 
different groups of friends. For that reason, designing an application which supports 
the whole daily activity is not an ideal solution.  
A recommendation of this thesis is that rather than focussing on standalone 
ridesharing applications, the overall approach should be to understand the daily 
communications that people undertake to share and coordinate and then find ways to 
intertwine these communications with travel sharing support and to encourage travel 
sharing communication. This focus on the social context is considered more likely to 
meet the needs of users and support ridesharing better than applications designed 
with the intent of simply matching destinations and departure times.  
This research then proceeded to investigate the gaps that may not be covered by 
current technologies for ridesharing activities and used an integrative approach 
which considers intelligible interface design and flexibility of use to fill the gaps. 
The new application designed during the course of this research provides a free-form 
message function on the interface, which allows people to express their daily travel 
complexities and gives them the ability to refine their audience so as to avoid sharing 
private information with strangers.  
A series of design principles were developed for mobile social applications. These 
include the need to consider interconnecting a new mobile application to mundane 
technologies (e.g., email and SMS) in order to maintain reliability across different 
kinds of infrastructures and multiple platforms and devices.  
The thesis contributes to the understanding of the design of mobile social 
applications to support ridesharing activities. In particular the thesis contributes 
 An understanding of the limitations of current ridesharing applications. 
 A series of recommendations for future mobile applications for ridesharing 
and 
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 A set of human-centred methods appropriate for exploring the complexity 
of ridesharing activity and design and development of mobile social 
applications. 
Furthermore the thesis contributes to the framework of understandings for 
mobile social technologies by proposing a series of design lessons:  
 An understanding of the fabric of social interactions is essential prior to 
developing a mobile social technology to support people’s daily routines.  
 An understanding of the fabric of social interaction requires an 
exploratory, non-interrupting and situated format of engagement with 
people and 
 An understanding of mundane applications used by target users is needed, 
together with a plan and method to integrate them with the new mobile 
social application. 
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Chapter 1: Introduction 
1.1 INTRODUCTION 
The availability of new kinds of social and location information, such as Global 
Positioning Systems and Social networks, provides new kinds of contextual information for 
mobile applications to support people in their daily lives. There is a growing focus on human-
centred approaches to investigate the design of mobile social applications to support human 
needs in the real world and outside the laboratories. This research is to investigate how well 
mobile social context-aware technologies can be designed to meet human needs. The approach of 
this research is to leverage social contexts as an information source that can make the 
connections between people while protecting privacy.  
Agile ridesharing is the practice of arranging ad hoc rides in real time through a mobile 
social application. It is a highly social activity requiring significant negotiation and micro 
coordination to successfully arrange a ride and then to meet. It engages different people with 
different communication habits and expectations, often using different platforms such as mobile 
phones and software applications. Some people might prefer to text to arrange a ride, while 
others might prefer email or phone calls. Some might put messages out to a group, whereas 
others prefer one-to-one communication, and in many cases, choices are dependent on both the 
social and physical context of use.  The demands of the ridesharing problem pose the key 
challenges for the effective use of location and social information in mobile social applications.  
In addition, ridesharing poses difficult socio-technical challenges such as the effect of exploiting 
social communities on enlarging the population of people willing to share rides. This body of 
demands and challenges that may not be as sensitive in other online communities for ridesharing 
was evaluated using in situ methods to identify the possibilities for social mobile technology to 
support an activity such as ridesharing. The importance of the research is to develop a framework 
of understanding for context-aware mobile social applications.  
This chapter outlines the research problem investigated, the aims and objectives of the 
study, a description of the research methods and an account of the research progress linking the 
research papers presented in later chapters. 
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1.2 DESCRIPTION OF RESEARCH PROBLEMS INVESTIGATED 
Though many devices use contextual and social information, context-aware mobile social 
applications are limited in their use and usefulness due to a lack of focus on human needs (Hong, 
Suh, & Kim, 2009) and considering humans as passive recipients of technology in their design. 
Two specific sub-problems are identified.  
 First, there is a gap in the design of mobile social applications since most research has 
examined context-awareness, from a technology push perspective.  
 Second, most research has used traditional lab-based methods of user-centred design 
and evaluation (Kjeldskov, 2013) which involves people as passive test subjects in the 
design and development process so that real social issues do not emerge till the final 
product leaves the laboratory.  
1.2.1 Technical problem 
Social context includes any information which is related to social interactions of users to 
perform an activity (Kjeldskov & Paay, 2010). For instance in ridesharing activity, social context 
includes conversations between users and their friends for arranging a ride, interesting topics that 
they share which each other related to the travel, common medium of communications between 
them [e.g. chat applications, messaging, email], knowledge of their friends travelling habits and 
so forth. Social context poses many new challenges for effective representation.  
People are sensitive about their private information and researchers need to consider 
privacy issues for mining and presenting social context.  
The main technical constraint of presenting social context on mobile devices is that they 
have limited processing power on board, limited screens and work in an environment full of 
different kinds of infrastructures, heterogeneous platforms and devices that makes processing 
and presenting useful information difficult. Moreover, there is also a thorny representational 
problem of what can and should be presented.   
Agile ridesharing has been chosen as the test domain and application, to investigate the 
problem of effective mobile social application design in a landscape of everyday technology 
where people use multiple devices [e.g. cell phones, computers, navigational devices etc.]  and 
applications [e.g. messaging for communicating with closed ones, using social networking 
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websites to socialise with friends or using email for work related purposes] to perform their daily 
activities. Ridesharing poses problems including user privacy, physical safety and enlarging the 
population of people willing to rideshare. Technology offers opportunities for ridesharing such 
as mobile applications for ridesharing which match riders in a physical proximity based on their 
route and time of travel. Current ridesharing technologies are system-centric. They focus on 
utilising sensed information such as location and time in order to match people for a ride and 
mostly ignore social interactions such as negotiation. This research takes a series of human-
centred investigations into social aspects of ridesharing and design to support these aspects in a 
technology assisted ridesharing application. The effectiveness of a ridesharing application can be 
judged from how well they assist people in performing their ridesharing activity in real 
environment.  
1.2.2 Theoretical gap 
There is also a theoretical gap in context-aware computing which emerges from different 
viewpoints of context. Two distinctly different views of context are representational and 
interactional. The representational viewpoint of context is defined by Dey et al. (2001) as “any 
information that can be used to characterize the situation of entities” such as location, weather, or 
the presence of other people. This viewpoint presents context as a form of information which is 
stable and can be defined in advance. In contrast, the interactional viewpoint is defined as “an 
emergent feature of the interaction, determined in the moment and in the doing” (Dourish, 2004). 
The example of a ridesharing conversation below demonstrates the emergent complex social 
context of ridesharing. It illustrates how the context is determined in the moment and in the 
doing but it also illustrates the points of information that arise in a rideshare message: 
“B at 9pm Thurs: Child drop off at Bankstown at 8:50am Friday then to GP to meet A at 
9:30am. Or A, I could meet you in green hill or Bankstown?”, 
 
Part of the research problem is to better understand and manage the gap between these two 
theoretical viewpoints and the implications for the design of context-aware mobile social 
applications.    
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1.3 AIM OF THE STUDY AND RESEARCH QUESTIONS 
This research aims to establish a better framework for understanding the design of context-
aware mobile social applications from a socio-technical perspective. The research question 
addressed in this work is:  
RQ1) How to exploit emergent and rich social context, while designing to meet human 
needs such as privacy and ease of living?  
From the theoretical point of view the question is:  
RQ2) How to reconcile the two distinctly different views of representational and 
interactional context? 
1.4 SPECIFIC OBJECTIVES OF THE STUDY  
To achieve the practical objective, a mobile social application will be designed to: 
1.1 Addresses a need (supporting ridesharing) 
1.2 Fits easily into people’s daily lives 
1.3 Protects privacy while promoting participation 
1.4 Exploits emergent rich contextual data  
The theoretical objective is to map out the 
2.1 Nature of context-aware representations 
2.2 Interaction with context-aware representations 
2.3 Interpretation of context-aware representations  
so as to develop a better understanding of interaction with context-aware representations. 
1.5 RESEARCH DESIGN AND METHODS 
In order to answer the research questions, this study will take a mix of human-centred 
methods such as iterative participatory design and development as well as technical methods 
such as social data mining analysis. Contextual information is tightly coupled with human 
interactions, therefore; grounding approaches in everyday activities can be helpful to better 
understand the use of emergent rich contextual data in people daily lives. The design process is 
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started by a series of mobile diary studies to identify people needs for ridesharing. It is then 
followed by iterative design and participatory development exploring new technologies and new 
practices for ridesharing. A mobile social application for ridesharing is developed through this 
iterative process. Different representations of the application and ways in which they are used are 
examined in everyday situations using head mounted displays. Then users’ feedback on the use 
context is obtained and analysed to provide principles for the design of a mobile social 
application for ridesharing which fits into daily travel activity.  
In addition to examining the developed ridesharing application, this research looks to a 
broader context for ridesharing such as local community groups on social networking websites 
and employs data mining within these online groups to understand better the fabric of social 
interaction for ridesharing.   
The outcome of using these methods is to understand and articulate the gaps in the design 
of mobile social technologies for a highly socialised and contextualised daily activity 
(ridesharing) and to address these gaps by proposing a series of design principles for mobile 
social applications. 
1.6 ACCOUNT OF RESEARCH PROGRESS LINKING THE RESEARCH PAPERS 
This section outlines the research progress to link the research papers presented in later 
chapters. Table 1 is an overview of the problem statement, aim, objectives, and a brief statement 
of the content of each paper with the contribution to each objective noted. The content of each 
paper is summarized at the beginning of each chapter. 
 
Table 1.1.  Overview of research problem, aim, objectives and title of each paper. 
PR
O
B
LE
M
 
Context-aware mobile social applications are limited in their use and usefulness due to a lack of 
focus on human needs and considering humans as passive recipients of technology in their 
design. Two specific sub-problems are identified.  
1. First, there is a gap in the design of mobile social applications since most research has 
examined context-awareness, from a technology push perspective.  
2. Second, most research has used traditional lab-based methods of user-centred design 
and evaluation which involves people as passive test subjects in the design and 
development process so that real social issues do not emerge till the final product leaves 
the laboratory.  
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A
IM
 This research aims to establish a better framework for understanding the design of context-aware 
mobile social applications from a socio-technical perspective. 
O
B
JE
C
TI
V
ES
 
Objective 1: To achieve the practical objective, a mobile social application for ridesharing will 
be designed which 
1.1. Address a 
need 
1.2. fits easily in 
daily life 
1.3. Protects privacy while 
promoting participation 
 
1.4. Exploits emergent 
rich social context  
 
Objective 2: The theoretical objective is map out the 
2.1. Nature of contextual 
representations 
2.2. Interaction with 
contextual representations 
2.3. Interpretation of 
contextual representations 
C
H
.2
 
Literature Review 
This chapter reviews the literature on context-aware computing and summarises the challenges 
in designing good user experiences with context-aware computing. It then reviews two core 
bodies of related work on social networking and ridesharing.  
C
H
.3
 
Research design, methods and design intervention.  
This chapter describes the overall research path of the thesis, including the methods undertaken 
in order to generate and analyse data, and the design of a prototype Agile Ridesharing 
Application. 
C
H
.4
 
Mirisaee, Seyed Hadi, Donovan, Jared, Brereton, Margot, & Roe, Paul (2012) “Participatory 
Analysis of Mobile Diaries to inform the design of ridesharing systems”. In Participatory 
Innovation Conference 2012, 12-14 January 2012, Swinburne University, Melbourne, VIC. 
Having established in chapter 2 that context aware systems have been developed from a tech 
push and laboratory focussed perspective, Chapter 4 sets out to develop a participatory method 
that can reveal the perspective of people as they undertake their daily travels and bring this into 
the design process. (objective 1.1) 
C
H
. 5
 
Mirisaee, Seyed Hadi, Brereton, Margot & Roe, Paul (forthcoming) “Analysing ridesharing 
personal and social perspectives”   
Having developed a much greater insight into the user experience of travel in chapter 4 which is 
grounded in data from peoples commuting experiences, chapter 5 turns the spotlight on existing 
ridesharing systems and considers the extent to which they are capable of meeting user needs.  
This chapter confirms that to develop the design of a service for a complex daily activity such as 
sharing a ride in daily travel, designers require to shift their design thinking from developing a 
service to support a whole daily activity to developing a service which supports the gaps in a 
daily activity which current technology is unable to do. (objectives 1.1, 1.2) 
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C
H
. 6
 
Mirisaee, Seyed Hadi, Brereton, Margot & Roe, Paul (forthcoming) “Reconciling Social and 
Technical Issues in the Design of a Ridesharing Application: Using Participatory Approaches” 
Having proposed a series of design ideas for the development of ridesharing applications to 
cover the social aspect of ridesharing in chapter 5, chapter 6 describes two series of interventions 
with participants in order to develop and test the prototype. Iterative participatory development 
workshops and lab-based interviews are described in detail.  This paper reveals the kinds of 
design developments that arise from involving participants in the early stages of application 
design in order to bridge the socio technical gap. (objectives 1.2, 1.3) 
C
H
. 7
 
Mirisaee, Seyed Hadi, Brereton, Margot, Roe, Paul & Redhead, Fiona, (2013) “Understanding 
the Fabric of Social Interactions for Ridesharing through Mining Social Networking Sites” 
OzCHI 13: Augmentation Application Innovation Collaboration, Flinders University, Adelaide 
Having established in previous chapter that participants did not share their ridesharing activities 
with contacts on their social networking profile using the ridesharing application, chapter 7 
describes how data was mined and analysed from highly subscribed online groups of local 
residents on Facebook in order to understand the fabric of social interactions for ridesharing that 
is happening in these groups. This chapter identifies opportunities for ridesharing technologies 
to use social fabrics to increase awareness and grow participation  (objective 1.4) 
C
H
. 8
 
Mirisaee, Seyed Hadi, Brereton, Margot & Roe, Paul (2011) “Bridging the representation and 
interaction challenges of mobile context-aware computing: designing agile ridesharing” OzCHI 
11: Design Culture and Interaction, Australian National University, Canberra 
To investigate the theoretical gap in this research (RQ2), chapter 8 establishes an argument for 
understanding the best way of representing contextual information to people. The outcome 
identified that researchers need to move beyond considering context problems in isolation and 
take integrative approaches that carefully consider good visual design, user content, user control 
and historical context information together. (objective 2.1) 
C
H
. 9
 
Mirisaee, Seyed Hadi, Brereton, Margot & Roe, Paul (forthcoming) “Mind the Gap: Exploring 
Interconnectivity In-the-wild”  
Having established the need to examine context representations in real situations to better 
understand the contextual problems for mobile social technologies in chapter 8, chapter 9 
introduces a new approach using head mounted displays and contextual interviews to access real 
situations, examine context-aware representation in use and obtain participants’ interpretations 
of their interactions. This chapter provides principles for the design of a mobile social 
application that fits easily into people’s daily lives. (Objective 2.2, 2.3)  
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Chapter 2: Literature Review 
2.1 INTRODUCTION 
This literature review aims to cover subjects in various fields which are required to build 
this interdisciplinary study. This chapter discusses the definition of context, the evolution of 
context-aware computing, how context-awareness informs mobile social applications and the 
evolution of ridesharing (mobile applications for arranging ad hoc vehicle rides in real time) 
application and their current problems of increasing participation (Figure 2.1).   
Context-aware computing is discussed here as the premise of mobile social applications. 
Literature of designing applications for real world environments is also discussed. Literature 
examined on functionality issues in real environments and interface design issues. Analytical 
techniques in other research have investigated whether integration of social networks with 
mobile context-aware applications builds trust among people.  
Ridesharing is a demanding domain for mobile social applications and it is used as the 
probe for this research. It is also an immediate and cost-effective solution for congestion as one 
of the real human problems in their daily lives. 
                                
Figure 2.1 the literature review framework 
 
      Ridesharing 
 
Context-aware 
Computing 
 
Mobile social 
technology 
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2.2 OVERVIEW OF CONTEXT-AWARE COMPUTING AND ITS DESIGN 
CHALLENGES 
Context-aware computing is one of the products of ubiquitous computing which Weiser 
defines as  “the opposite of virtual reality” (Weiser, 1993; Weiser, 2010). According to Weiser, 
ubiquitous computing brings the computer into all aspects of people’s lives. The goal of 
ubiquitous computing is to enhance computer use by making many computers available 
throughout the physical environment, while making them effectively invisible to the user. 
Ubiquitous computing envisions background computation with implicit interaction where it may 
not be noticed (Weiser, 1993). Finally, Weiser completed the definition of ubiquitous computing 
as “a very difficult integration of human factors, computer science, engineering, and social 
sciences.” (Weiser, 2010 http://www.ubiq.com/hypertext/weiser/UbiHome.html) 
Ubiquitous computing is not a typical subject in computer science. Although it addresses 
technical problems, it has strong social components. Ubiquitous computing works with disparate 
technologies and with different aspects of human life (Bell & Dourish, 2007) and this makes it 
very challenging. Moreover, ubiquitous computing has a non-ideal infrastructure since it draws 
together many different technologies and platforms. As well as a range of technologies, 
ubiquitous computing includes human aspects such as social engagements, civic protest, 
romantic encounters, office politics, artistic expression, and more (Bell & Dourish, 2007). 
Therefore, researchers (Bell & Dourish, 2007) suggested to study how people manage and 
exploit this messiness in their daily interactions and how new design can support people in the 
messy environment instead of attempting to design seamless services. This research aims to take 
a series of human-centred approaches to investigate the messiness of a daily activity, the role of 
current ubiquitous applications in that daily activity and the extent to which a new application 
can streamline it.  This investigation is further explained in chapter four and five. 
Context-aware computing is a branch of ubiquitous computing which specifically focuses 
on how to exploit situational information in order to enhance functionality of systems and 
improve use experiences. In the next section, new definitions of context-awareness and different 
perspectives on context-awareness are discussed. 
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2.2.1 Definition of context-awareness 
Context-aware computing was first discussed by Schilit and Theimer (1994) as software 
that ‘‘adapts according to its location of use, the collection of nearby people and objects, as well 
as changes to those objects over time’’ (Schilit & Theimer, 1994, p. 22). Context-aware systems 
aim to consume the contextual data from the environment in which they are embedded to provide 
the appropriate response to the user based on the user’s situation (Abowd et al., 1999). Due to the 
expansion of sensors in daily life, context-aware applications have been developed for various 
purposes such as e-commerce, location-based communications, personal organizers, smart homes 
and carpooling systems (Hong, et al., 2009). These uses of context mostly follow a 
representational viewpoint to capture sophisticated level of awareness. The representational 
perspective in context-aware computing aims to use sensor input, on behalf of users, in order to 
enhance the interaction. In contrast to the representational viewpoint, the interactional viewpoint 
has been defined by Dourish (2004) as understanding the emergent context from the situated 
actions. Researchers with this point of view focus more on resources which people can use for 
better interaction rather than encoding sophisticated levels of awareness into applications 
(Campbell, 2009). These two viewpoints are described in detail in the following section. 
2.2.2 Representational and Interactional Views in Context-Aware Computing 
One of the more complete definitions of context from the representational point of view 
belongs to Dey (2001, p. 5), who defined context as 
“Any information that can be used to characterize the situation of an entity. An entity is a 
person, place, or object that is considered relevant to the interaction between a user and an 
application, including the user and applications themselves.”  
With this point of view, researchers mostly focused on developing frameworks and 
applications that collected data from physical sensors, such as location detectors and 
thermometers, as well as digital sensors, such as time and calendars, in order to compute and 
present results to users.  For example, the “Aware Home” project (Abowd et al., 2000; Kidd et 
al., 1999) aims to build a computational environment in homes, by using technologies such as 
vision-based sensors to track multiple individuals in an environment. This sensing technology is 
used to support applications such as finding lost objects in the home. In this application, the user 
interacted with the system via a finger touch LCD to select a lost object, such as a key or wallet. 
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Then the system guides the user to the lost object using audio cues such as,  “Your keys are in 
the bedroom” (Kidd, et al., 1999). 
Context from the interactional point of view is defined by Dourish (2004, p. 24) as “an 
emergent feature of the interaction, determined in the moment and in the doing”. In the 
interactional point of view, context is engaged action and information around artefacts which 
makes those artefacts meaningful and relevant to people. In other words, context and content 
(activity) cannot be separated (Dourish, 2004).  The inseparability of context and content is 
demonstrated in the Brown and Randell (2004) study of using phones in everyday situations.  For 
example Weilenmann’s study of teenage mobile phone use in (Brown & Randell, 2004) shows 
how people had appropriated  the  help  of friends  to  screen  or  avoid  answering  depending 
upon the situation at hand (Figure 2.2). The complexity of social context enmeshed in the phone 
use in this situation highlights the difficulty of designing technologies, which can act and react 
properly in these complex situations. An example is shown in Figure 2.2. 
 
Figure 2.2.  Example of showing the complex social context of phone use in everyday situation (Brown & Randell, 
2004, p. 331) 
Brown and Randell (2004) also studied the everyday use of technologies in an office 
environment and they found actions socially and situationally embedded. For example, rejecting 
a call on only one occasion meant that the receiver was busy and for the caller to call two or 
three times meant that the caller was urgently trying to contact the receiver.  Therefore, user 
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action can show that the call is urgent and the caller wants to tell the receiver something 
important (Brown & Randell, 2004). 
The main research question for this study from a context-awareness perspective is: How to 
reconcile the two distinctly different views of representational and interactional context? (RQ2) 
In order to respond to this question, a preliminary data analysis was done (chapter 8) to identify 
the interactional and the representational aspects of context in the agile ridesharing system.  
2.2.3 Use of Technology from Interactional and Representational Viewpoints 
From the representational viewpoint, the aim of designing context-aware technology is 
mainly to gather contextual data such as the location of the user, temperature, time etc. and 
perform calculations on the data in order to automate the system. For example, input is 
automated based on the user’s situation (Dumas, solorzano, & Signer, 2013), or calendar 
information is used to automatically adjust the cell-phone configuration for the user’s cell phone 
according to his/her  activities (Khalil & Connelly, 2005).  
The technology in the interactional viewpoint is defined according to the way it is used and 
interacted with in order to accomplish actions meaningfully and in a way that is understandable 
by others (Dourish, 2001) such as using different applications to socialise with different groups 
of people (Barkhuus & Polichar, 2011). Dourish (2001) states that if the meaning of technology 
is something that is worked out again and again in each setting, then the technology needs to be 
able to support this sort of repurposing. Therefore, giving step by step design guidelines 
generally for a context-aware application is not appropriate because understanding of contexts 
and their potentials are insufficient a priori and guidelines can be different for different aims 
(Dourish, 2004). From the Dourish perspective involving people in early stages of design will 
not help because context is emergent. However, involving people early on can help designers to 
understand the kinds of problem and situations that arise in ridesharing so that the system is 
flexible in constructive ways. However, the situation cannot be predicted a priori and therefore 
balancing system capabilities and flexibility are the keys to successful design. This research tries 
to overcome this design challenge by involving people in the early stages of development and 
design; hence this research takes a series of human-centred approaches including participatory 
analysis (George Chin, Rosson, & Carroll, 1997) and Reflective Agile Iterative Development 
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(RAID) (Heyer & Brereton, 2008) to understand the use of the technology from a human 
perspective.  
2.2.4 Differences of Representational and Interactional Viewpoints  
Dourish (2004, p. 333) compares context as a representational entity and an interactional 
property: 
1. Rather than considering context to be information, he instead argues that contextuality is 
a relational property that holds between objects or activities.  
2. Rather than considering that context can be defined in advance; the alternative view 
argues that the scope of contextual features is defined dynamically. 
3. Rather than considering that context is stable, he instead argues that context is particular 
to each occasion of activity or action. Context is an occasioned property, relevant to 
particular settings, particular instances of action, and particular parties to that action. 
4. Rather than taking context and content to be two separable entities, he instead argues that 
context arises from the activity. Context isn’t just “there,” but is actively produced, 
maintained and enacted in the course of the activity at hand. 
Since 2004, when the interactional viewpoint of context was introduced and the 
representation viewpoint was critiqued, social networking technologies and pervasive mobile 
sensors have been expanded which has made context representation interesting. For example, a 
simple dot on a map (as in Figure 2.3) represents the location of a mobile device. From an in 
interactional point of view this information is enough to represent user’s location to his/her 
friends in a ridesharing application. However, the dot may not be able to indicate information 
such as whether the mobile device is with its owner or has been left somewhere, whether the 
system has recently updated the device location, and so forth. The user’s friends could solve this 
problem by having background knowledge about the user’s daily routine or from the ridesharing 
message shared with the application.  
To understand the example better, the first column in Table 2.1 lists the facts that people 
can understand from the dot representation on the map and the second column shows the ability 
of a context-aware system to compute and interpret each fact. The table illustrates that the system 
can represent simple information and an interested person can glean a lot of insight from that 
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presentation, whereas a system has to undergo a lot of computation in order to assess the 
likelihood of something that may or may not be of interest. 
Representing the dot with some other useful information, such as a user’s latest message 
about his/her traveling plans or the duration that the dot is constant, can help people to 
understand and interpret the situation better. Hence, integrating and representing contextual 
information may be useful because it gives users the flexibility to make more informed decisions 
about the represented information.  
Chapter eight and eight further explain how to reconcile the interactional and the 
representational viewpoints in order to enhance the usability and functionality of the context-
aware system. 
 
Figure 2.3. Simple dot, which shows current location of user and challenges of understanding the dot 
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Table 2.1. Comparison of interactional and representational viewpoints for the example of representing a person’s 
location with a dot on a map 
Interactional view point 
(What the user understands) 
Representational viewpoint 
(What the system understands) 
People understand that the dot is the location of 
a person 
The system can sense the person’s location 
People use clues to guess if the dot is an
accurate or an approximate location. For 
example if the dot is on the river they can 
interpret if the person is at a coffee shop next to 
the riverbank or the person is really on a boat. 
The system cannot easily determine the 
accurate place of a person whether he/she is 
near the riverside or on a boat 
People can guess whether the dot really belongs 
to (or actually represents) the user or if the dot 
just belongs to (represents) the object that the 
user has placed somewhere. 
The system can interpret if the dot really 
belongs to (or actually represents) the user or if 
the dot just belongs to (represents) the object 
that the user has placed somewhere by 
exploring the historical context and finding 
whether the duration of the dot’s stay in that 
place is normal. 
People might guess the next action using other 
external information such as a recent 
conversation with the person.  
The system cannot interpret the next action of a 
person just by having its current location, 
although it might predict from history. 
People might guess if somebody else is with the 
person. For example if the dot is near the 
school and the clock shows the children’s 
departing time. 
The system cannot interpret if anyone else is 
accompanying the person unless the system has 
other explicit information about it such as 
locations for other related ones or duration of 
location adjacent to other sensed persons.  
2.2.5 Challenges in designing context-aware systems 
Harrison et al. (2007) characterises three paradigms of research in the history of Human 
Computer Interaction (HCI). The first is a mixture of engineering and human factors which saw 
the interaction as a form of man-machine coupling. Its goal is to optimize the fit between human 
and machines (Harrison, et al., 2007). The second is a metaphor of mind and computer as 
coupled information processors, which examine information flows, such as how information gets 
in, what transformation it undergoes and so forth (Harrison, et al., 2007). The third paradigm is 
situated perspective, which covers phenomena such as embodiment, situated meanings, values 
and social issues. The question which arises when considering this new paradigm is (Harrison, et 
al., 2007, p. 8) “how to complement formalized, computational representations and actions with 
the rich, complex, and messy situations at hand around them?” This research will focus on this 
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idea, and explore more about the use of context in various situations, in order to develop a 
framework of understanding for designing context-aware applications. 
In the literature of context-aware design, researchers have mostly explored ways to 
improve user interfaces for such systems and the success of design is measured by the success of 
the interface usability (Dey, Sohn, Streng, & Kodama, 2006; Kay, 2009; Nilsson, 2009) (Note, 
usability of the interfaces is discussed specifically in section 2.2.7).  However, ease of use is just 
a part of design, and the main concern, which is understanding or the construction of the 
situation as the core of design (Harrison, et al., 2007), still remains unsolved.  
In order to understand the design implications for situated action, first we need to 
understand situated action itself. Suchman defines situated action as when “action is taken in the 
context of particular, concrete circumstances” (2007, p. 26). She also adds:  
“the circumstances of our actions are never fully anticipated and are continuously changing 
around us. As a consequence, our actions, although systematic, are never planned in the strong 
sense that cognitive science would have it. Rather, plans are best viewed as weak resources for 
what is primarily ad hoc activity” (2007, p. 26).  
Social interaction is part of the situated action which is the focus in this study.  
Suchman’s (1987) classic observational study of people trying to interact with a new 
prototype photocopier system revealed that one of the fundamental problems in human-machine 
communication was that the human only had access to the machine’s instructions and did not 
know the internal logic of the machine, while the machine only had the direct actions of the 
human, but did not have any means to understand the wider context of the human action. The 
drive to design context-aware computing arose in part as a response to the identification of this 
fundamental communication problem. The second paradigm of HCI (Harrison, et al., 2007) was 
dominant when Suchman’s book was published (Robertson & Loke, 2009). This paradigm 
couples the human mind and the computer. Therefore, its aim is to quantify human interactions 
for processing it, as it was in Artificial Intelligence. This paradigm ignored essential parts of 
actions, such as bodies, social issues and culture (Robertson & Loke, 2009).  
Dourish (2004) defined context as an emergent, relational property of the activity and 
wrote that understanding of context-awareness and its potential is not possible during the design 
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time. Brown and Randall’s investigation led to design recommendations for context aware 
computing, so that: 
(i) Technology provides context to users through simple structures (such as caller 
ID) allowing users to make sense of that contextual information themselves. 
(ii) Context is used defensively, in such a way that incorrect inferences will not be a 
serious inconvenience to users. 
(iii) Technology focuses on communicating context, rather than attempting to compute 
and process it. (Brown & Randell, 2004) 
These recommendations are considered in the design of the mobile social technology for 
ridesharing in this research as the start point for understanding the context for ridesharing 
applications.  
This section has identified the difficulty of predicting the form and type of context before 
use since context emerges from the action. It also highlighted the importance of understanding 
situated action for the design of context-aware systems. This research aims at understanding and 
articulating the context in the design of a mobile social technology for ridesharing by examining 
different context representations in use and analysing participants’ interaction with those 
representations.  Therefore, this research takes a series of in-the-wild  studies case studies set in 
order to construct different situations, and learn from those situations by collaboratively involves 
participants; the data yielded is analysed and in the analysis which is discussed in chapter eight 
and nine. 
2.2.6 Seamlessness vs Seamfulness in Context-Aware Computing 
Seamless computing was built on the idea of making technologies invisible in daily 
practices by Weiser (1993).  The definition of seamless computing from IBM in (MacColl, 
Chalmers, Rogers, & Smith, 2002, p. 1) is “an expectation from devices personal digital 
assistants, mobile phones, office PCs and home entertainment systems to access information and 
work together in one seamless, integrated system”. However, a world full of invisible interacting 
artefacts could easily confuse people. Research is needed to make sure that environments are 
coherent and understandable for people (MacColl, et al., 2002) while trying to make the 
technology invisible. Moreover, infrastructures and systems have technical limitations and these 
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seams are recognized only in use (Broll & Benford, 2005). Therefore, the notion of seamlessness 
is not pragmatic or achievable in the real world.  
Chalmers et al. (2003) introduced seamful computing in contrast to seamless computing.  
Seamful computing aims to design ubiquitous computing systems with all their characteristics, 
weaknesses or strengths, and give users the opportunity to use and understand the system 
(Chalmers, et al., 2003). They found that seams or limitations in systems could be used as an 
advantage, which they illustrated as follows: consider Bill, a seamful mobile multiplayer game, 
in which players competed against each other by collecting virtual coins in a designated physical 
gaming area. In this game, a possibility of stealing coins from rivals was also seen as a way of 
adding to players’ assets. Due to limitations of wireless networks, sometimes players might be 
outside of the network range at which point they would not be given updates on other players’ 
positions. At first, it seems a disadvantage for the system but later it turns out as a part of the 
game when players ambushed other players by hiding out of network range and then running into 
the network and pick pocketing other players (Chalmers et al., 2005). The example shows that 
players used the limitation as an advantage. In addition, Barkhuus and Polichar’s (2011) research 
stated that people use their mobile devices in interoperable ways because of the complexity of 
social interactions and seamful environments. This means people switch between applications, 
add or remove applications to achieve their goals through mobile device use (Barkhuus & 
Polichar, 2011). In summary, seamful computing aims at designing interoperable systems, that 
exploit heterogeneity of devices, past activities, differences and limitations of technologies in 
order to allow people to focus on their task (Chalmers & Galani, 2004) instead of trying to fix 
the drawbacks of  ubiquitous computing applications. This research takes seamful computing 
into account in order to achieve the objective of fitting applications easily into people’s daily 
lives by designing a system which is compatible with different technologies (Objective 1). The 
detail of this approach and its findings are explained in chapter nine. 
2.2.7 Challenges of interface design 
Designing interface is a part of designing context-aware applications. Interface design is 
challenging since most context-aware applications are mobile-based applications and an interface 
is needed for small displays. In this section, issues for designing the interface and some proposed 
guidelines are given. 
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The user interface is the source of most complaints in context-aware applications since 
users have difficulties in terms of data entry for configuration and seeing the presented 
contextual data properly. This often causes confusion. Dey, Sohn et al (2006) attempted to 
design graphical interactive context-aware systems where users could define the rules for 
automation using graphical notations. Their research aimed to increase the ease of automation; 
however ease of automation is not the only concern in interaction. Their graphical interaction 
interface became confusing when the rules became so complicated that end users could not 
understand even the graphical notations of the rules anymore. 
Nilsson (2009) studied the problem of utilising screen space. He proposed some 
recommendations in order to solve the problem; these include: 
 Presenting elements in lists 
 Grouping information 
 Using horizontal scrolling 
Häkkilä and Mäntyjärvi (2006) studied some general guidelines for designing context-
aware systems and their guideline for interfaces is to make the status and conditions of 
application visible to users in order to avoid confusion. 
In order to decrease the complexity of presentation, semiotic knowledge has been shown to 
be useful. Kjeldskov and Paay (2010, p. 14:16), for instance described how to use this 
knowledge in context-aware applications by building on the notion of indexical representation. 
Indexicality is derived from semiotics (Pierce 1931). Kjeldskov and Paay (2010) described it as 
the “relation between representation and the context in which an interpreter perceives them”. 
Index is a sign which is meaningful because of where and when it is located, such as a name of a 
station in the train. Indexicality is the way of reducing the amount of explicit information that 
needs to be presented. This is useful for mobile applications with limited presentation spaces. 
The evaluation of their work shows that users are capable of making sense from small pieces of 
information implicitly presented.  However, users only understand information if it is matched to 
their current situation. Label and heading are useful indexical objects for people to use. Visual 
similarity is a key element of indexical reference success (Kjeldskov & Paay, 2010). This idea of 
symbolising or using signs is applicable to our agile ridesharing system if it is included with a 
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cascading or static help section to explain the meanings if required.  This notion is discussed in 
chapter six. 
User interface design for context-aware application directly engaged with issues of 
designing for mobile screens since mobility is a part of context-aware computing. The major 
issue of design for mobile screens is to utilize the small screens for displaying a huge amount of 
available data and avoiding vagueness. In order to solve these issues a few general comments 
such as grouping the information and using menus are suggested; these could be beneficial in 
designing the interface.   
2.2.8 Designing Trusted Context-Aware Systems  
A technology becomes a mundane technology if people use it frequently. People use the 
systems if they can trust them. Usually people construct mental models in order to predict the 
system behaviour (Lim, Dey, & Avrahami, 2009; Tullio, Dey, Chalecki, & Fogarty, 2007). 
Obviously, wrong prediction models pose wrong perceptions of systems which make the systems 
confusing.  Making the systems’ behaviour visible helps people to understand the system 
correctly and consequently improves the trust. Bellotti and Edwards (2001) define four principles 
in order to address intelligibility of context-aware systems; these are: 
1. System has to inform the capabilities of contextual information 
2. System has to provide feedback about the system’s actions 
3. System has to enforce identity and action disclosure 
4. System has to provide user control 
Presenting explanations is a popular method for intelligibility of context-aware systems 
(Lim, 2010; Tullio, et al., 2007). However, challenges such as damaging the privacy, 
obtrusiveness (Lim, 2010) or complexity of user interface arise when presenting explanations. 
Presenting the system with deeper justification explanations at first step is vital since, findings 
show that the persistence of mental models is robust even when they are wrong (Lim, et al., 
2009; Tullio, et al., 2007).  
Lim et al.’s (2009) “why and why not” experiments show that explanation improves trust 
because it helps users understand the system’s behaviours correctly.  They also concluded that a 
demand-driven model of explanation is the best model; that is, users prefer not to receive 
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explanations all the time. However, the challenge still remains of  presenting “the ‘right’ 
information, at the ‘right’ time, in order to avoid confusion (Fischer, 2012).  
People like control over the systems that they use; being automatic is not always the goal. 
This research tries to present the contextual information in the system and evaluate it in use 
rather than automating any task. However, the big challenge is protecting privacy while 
presenting social contexts.  
Presenting the system with enough explanations about its behaviour is a way of enhancing 
trust and the success of the application for users. The challenge here is: how are explanations 
best presented to users in the agile ridesharing application. This question could be answered in 
two ways. First, it is necessary to understand what the knowledge gap is and what people desire 
to know. This is investigated in chapter five. It is then necessary to find out how to present the 
explanation, which can be identified by conducting workshops with participants. This is explored 
in chapter six. Explicit explanations are neither the only nor the best approach. If a model can be 
communicated through visual design icons or colour, this may be easy and quicker to grasp. 
2.2.9 Challenges of presenting social context 
Social context includes the information, which is related to social interactions of users, 
such as their friends’ location, or their friends’ activities. Social context is very difficult for the 
system to compute since it is implicit, largely dynamic and difficult to match to the current 
situation (Kjeldskov & Paay, 2010). Representing the social context is also difficult for people to 
understand since social context has an intangible and peripheral nature compared to location, 
surroundings, activity and time. Therefore, using social context makes the design of applications 
complicated (Kjeldskov & Paay, 2010).. This message “Morning walk in very flexible with start 
time. First meeting at 10am” (Brereton & Ghelawat, 2010, p. 201) is an instance of a  request for 
sharing travel. It has enough information for the user’s contacts to understand where and when to 
meet the user but it does not have any specific origin or destination to be computed by a 
ridesharing system. The current solution for this complexity of social context in developing the 
agile ridesharing application is to allow people to represent it themselves in free form messages 
(Brereton & Ghelawat, 2010). To protect privacy, giving the control to users may be useful by 
letting them define who can see their personal information. Privacy settings need to be simple to 
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understand and simple to manage if users are to be in charge of controlling their privacy. This 
will be discussed in chapter seven. 
2.2.10 Summary 
This section has articulated the gap between interactional and representational views of 
context and outlined that artful presentation of context helps people to interpret the context and 
bridge the gap in practice. This research will investigate how people reconcile interactional and 
representational views by analysing participants’ interactions with contexts presented on the 
interface of ridesharing applications, and will propose some design guidelines for future mobile 
social applications [See chapter eight and nine].  
The other objective of this research is to design and develop a context-aware mobile social 
application which supports users in real environments and fits with their practice (that is, their 
ridesharing practice). To achieve that objective, the designed application needs to be compatible 
with multiple mobile platforms and needs to be reliable in heterogeneous environments.  
Finally, privacy must be considered carefully for designing a mobile social application that 
aims to use social context as a means to build trust and grow participation. Sharing social context 
is a collective practice and people decide about sharing their information based on the situation; 
therefore, the design needs to give people control over presenting their social context. This 
research will take an iterative participatory development approach to devise ways of giving 
control to people for sharing their rides with their contacts within the ridesharing application.   
2.3 SOCIAL NETWORKING 
Social networking technologies have become widespread in the past few years. They 
support communities, connect people to their friends and expand the terms of social interactions 
on the web. New emergent social technologies have brought new opportunities for socializing. 
However, these social technologies have also brought issues such as privacy and security. In this 
section, privacy and security in social networking is discussed in order to identify a way of 
utilising social networks for building trust among people. Mobile social applications as mundane 
technologies are then studied in addition to their benefits and drawbacks.   
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2.3.1 Privacy and Security 
When we talk about social networking, privacy and security are embedded in the concept 
as collective information practice rather than technical aspects.  Information practices cannot be 
separated from privacy, risk, security, morality and power that give them meaning (Dourish & 
Anderson, 2006). Dourish and Anderson (2006) discussed three parallel approaches to consider 
people and privacy: 
 Privacy as economic rationality, which is first about the concept of exchange of value 
and secondly about the figure of the rational actor (who assesses current and potential 
future situations and calculates their costs and impacts). This approach is called 
economic because its central element is the idea of trade-off between risk and reward 
and the cost and benefit associated with sharing, revealing or transmitting information. 
The economic approach to privacy models collective action as the outcome of 
individual decision making by a rational actor optimizing for individual benefit. This 
approach fails to recognise that privacy is a social practice, as is the case in 
Richardson’s (1988) example of failing to capture the sharing of intimate secrets 
between lovers (Dourish & Anderson, 2006). 
 Privacy as practical action, which says that privacy and security are continual and they 
are not something, which is set up once and left fixed. They are pervasive elements of 
everyday settings, which extend beyond the boundaries of any or all computer 
systems. In this argument, security is not an abstract feature of ideal settings; it is a 
practical, ad hoc accomplishment of social actors, achieved through their concerted 
action in actual settings (Dourish & Anderson, 2006).  
 Discursive practice is the way in which language is used to categorize and separate 
acceptable actions from unacceptable ones. Privacy as discursive practice determines 
that “what information security means is one that only condones some behaviours 
while outlawing others but also reflects power differentials within the organization. 
For example, in an organizational policy, the main concern is to keep passwords 
secure in order to protect customer information. However, people in a workgroup may 
share their personal passwords with co-workers as part and parcel of being a “team 
player” to get access to shared data and to get their work done more effectively” 
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(Dourish & Anderson, 2006). The organisational team model is in conflict with the 
workgroup model since only one can be recognised in the official language of the 
organisation hence “the determination of what information security means is one that 
not only condones some behaviours while outlawing others but also reflects power 
differentials within the organisation” (Dourish & Anderson, 2006, p. 329).  
This research assessment of risk for privacy recognises collective rather than individual 
phenomena (Dourish & Anderson, 2006) which is similar in ridesharing practice (Radke et al., 
2011). The consequence of these approaches is that users should participate in the process of 
protecting their privacy by having control over their own privacy (Barkhuus, 2012) and the 
collective practice for protecting privacy will emerge . 
In this study, the suitability of the privacy policy for hiding and sharing personal and social 
information should be examined from a human perspective in order to satisfy human concerns. 
Giving control of privacy and security to users, while keeping simplicity, is the main challenge 
of privacy design in an agile ridesharing system.  
2.3.2 Mobile Social Applications 
Technology enabled social networks are used commonly throughout society and have 
attracted much research interest.  This research will investigate the use of social data in context-
aware systems in order to understand the advantages and barriers of use. Specifically, in this 
project, social network information will be used as an opportunity to increase awareness for 
ridesharing within a local community and as a means to reduce human concerns in the 
development of an agile ridesharing application.  This section outlines the purpose of mobile 
social networks and identifies the main challenges and solutions to designing a context-aware 
mobile social technology for ridesharing since taking a ride is inherently mobile and sharing is a 
social activity. 
Mobile social applications are designed to make communication, coordination and sharing 
more efficient and easier for people in their daily lives (Heyer, Brereton, & Viller, 2008). The 
purpose of mobile social applications is to connect people while mobile. Mobile social 
applications can be used to mitigate privacy concerns in context-aware applications by 
supporting the communication between people who trust each other. For instance, users can 
allow context-aware applications to only show their activities to their friends or the application 
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can easily identify friends by accessing the users’ friend list in their social network profile 
(Sorathia & Joshi, 2009). Group messaging systems, intimate social contacts or integrated social 
networking system are examples of mobile social applications, which enhance communication 
and sharing (Ankolekar et al., 2009; Cui & Honkala, 2011; Heyer & Brereton, 2010; Heyer, et 
al., 2008; Stefanis, Plessas, Komninos, & Garofalakis, 2012). Mobile social applications either 
leverage social networking sites or mundane communication applications of mobile device such 
as SMS and contacts list. Generally, a suitable mobile social application includes three aspects 
utility, accessibility and usability (Heyer, et al., 2008).  
Mobile social applications which leverage social networking sites mostly aim to integrate 
these networks and provide a service for users to interact with all social networking in one place 
including reading the content or broadcasting their status to their social contacts (Cui & Honkala, 
2011).  The other trend of developing mobile social software is to leverage primitive and 
mundane applications on mobile devices to provide enhanced communication and coordination 
services to people. For example Heyer et al (Heyer & Brereton, 2010; Heyer, et al., 2008) 
developed a group messaging application that worked across the channels of SMS, email and IM 
in order to overcome the limitations of any one channel. Intimate contacts list applications 
(Ankolekar, et al., 2009; Stefanis, et al., 2012) on mobile devices make connection with close 
contacts easier and reduce the burden of dealing with huge contacts list.  
Mobile social applications have mostly been designed to use a specific feature of mobile 
devices such as contacts list to support social interaction; however the complexity of social 
interactions and finding different information easily leads people to practices of switching 
between social resources. This research will investigate the possibility of interoperability 
between different social networks such as local community websites, local community Facebook 
groups and the ridesharing application. 
Mobile devices have limited processing power on board and battery life available in order 
to process the contextual information of users. Other critical components which should be 
considered, when designing and running mobile social applications are security, access to 
profile, and location data (Dwyer & Hiltz, 2006). Apart from the aforementioned technology-
centred issues, some user-centred issues were identified by previous research (Joly, Maret, & 
Daigremont, 2009). For instance, sharing messages and management of contact lists are time-
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consuming tasks for the users of mobile social networks. These issues should be considered in 
designing the new proposed mobile social networks.  
Together, these studies outline the benefit of integration of social networks and context-
aware applications for improving communication in real-time environments while people are 
mobile. However, this section identifies a gap in the design of most mobile social applications, 
which ignore the fact that people switch between different applications and social networks in 
order to find the right information in their daily life. This fact emphasises the need to design 
mobile applications, which are interconnected with other application and social networks. 
Additionally, this section argues that using context-aware applications in mobile social networks 
has some drawbacks; it is difficult for a mobile processor to manage social information or 
contact lists, due to the processing demands.  
2.3.3 Summary 
Social networks are widely used by people and have many benefits in terms of building 
communities and building trust among people, which can be useful in developing the agile 
ridesharing application; however, the possible harm, such as intrusions on privacy, must be 
carefully considered in the design and development phases. Chapter seven investigates the 
integration of social networking with a ridesharing application from a human perspective. It 
identifies why a system-centric integration will not work. This section has also identified the role 
of interconnectivity in the design of a mobile social application. Chapter nine focuses on 
interconnectivity and its impact on enhancing the ridesharing practice. Design guidelines will be 
presented for future mobile social applications. 
2.4 RIDESHARING IN THE LITERATURE 
Population growth in big cities has resulted in traffic issues such as stress and congestion, which 
waste both time and money. One solution for reducing congestion is the creation of extra 
infrastructure, but this is costly and time consuming. Governments are seeking options with 
minimal economic impact for urban transportation (Hartwig & Buchmann, 2007), expanding 
public transportation. Apart from the infrastructural options, research (Ampt, 2001; Rose & 
Ampt, 2001) explored behavioural aspects such as travel behaviour of households in order to 
reduce car use.   Rose and Ampt (2001) focus on planning in advance to blend travel and reduce 
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car use. While this idea helped to reduce the amount of car travel in a household by 10 percent, it 
does not still allow for emergent planning and dynamic changes in daily travels which my 
research will focus on in chapter five. Establishing ad-hoc ridesharing methods provides 
potential for an immediate, collaborative, resource-effective and environmentally-friendly 
solution for daily travel. Ridesharing happens when two or more trips are executed in a single 
vehicle, and its main aim is to increase car occupancy in order to reduce the number of cars 
travelling on urban roads (Morency, 2007).  
Ridesharing is an effective method of solving the congestion problem however it is not 
easy to establish ridesharing in communities. Many factors influence successful ridesharing 
including (Teal, 1987): 
 Demographic variables such as age, gender, income and number and density of 
households.   
 Transportation conditions such as distance, cost, availability and quality of public 
transport.  
 Locational factors such as urban population in metropolitan suburbs versus non-
metropolitan suburbs.  
For example, ridesharing has potential in non-metropolitan suburbs which have poorer 
quality public transport. People share a ride more often for a long distance rather than short 
distance. Some demographic factors such as age or gender have diminished as more women join 
the workforce (Fellows & Pitfield, 2000).  
Teal (1987) defined three types of carpoolers: household carpoolers, external carpoolers 
those who share driving responsibilities with unrelated individuals-- and co-workers carpool 
riders who commute with other unrelated workers (Buliung, Soltys, Bui, Habel, & Lanyon, 2010; 
Teal, 1987). Households followed by employer-based ridesharing initiatives have the greatest 
success in ridesharing practice (Buliung, et al., 2010).  This shows the potential if coordination 
can be supported effectively.  
2.4.1 General ridesharing incentives  
Ridesharing offers incentives to commuters or urban travellers such as monetary benefits 
or time saving (Heinrich, 2010). The ‘Let’s Carpool Project’ identified a wide range of 
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incentives for  participants such as monetary benefits, reliability of carpooling compared to 
public transport, and sociability (Abrahamse & Keall, 2012). Morris listed incentives for 
changing Single Occupancy Vehicle (SOV) behaviour such as driving in rush hour being boring, 
parking, toll and gas costs and the tendency of younger people to be green (Morris, 2008). A 
successful carpooling program needs to give SOV users trip-by-trip options and incentives to 
leave their cars behind such as preferential pairings, monetary benefits and time savings  
(Levofsky & Greenberg, 2001). Even though lots of ridesharing incentives have been presented, 
several known barriers inhibit people from ridesharing.   
2.4.2 General ridesharing barriers 
Various difficulties hinder ridesharing activity.  These difficulties are: rigid scheduling, 
lack of matches, inflexibility of travel during the work day, and social aspects or difference of 
values (Abrahamse & Keall, 2012; Abrahamse, Steg, Gifford, & Vlek, 2009; Buliung, et al., 
2010; Teal, 1987). Morris’s study (2008) showed that people tend to use their own vehicles 
because it is “plan- free” travel, reliable, safe and you can avoid others. Barriers for ridesharing 
activity are not limited to these items. Abrahamse et al.’s analysis of the literature (2012) showed 
that attitudinal variables are more important factors in the decision to start ridesharing than other 
factors such as socio-demographic variables or distance. Barriers could potentially be lowered if 
people were not bound by a specific plan, or if they had flexibility to change their travel plan. 
This research will investigate these barriers within people’s daily travels and will explore means 
to lower the barriers using mobile social technologies.  
2.4.3 Ridesharing Applications 
Two key points for having a successful ridesharing application are establishing 
communication with potential adopters and providing a pool of potential users with sufficient 
variations in schedule, habit and demographics (Buliung, Soltys, Habel, & Lanyon, 2009). Many 
ridesharing applications have been developed that seeking to achieve these two key outcomes. 
Some other factors have also been recommended in order to have a successful ridesharing 
application, such as being fast and convenient, being able to match ad-hoc rides, being reliable, 
and supporting alternative transport if a ride was not found (Brereton, Roe, Foth, Bunker, & 
Buys, 2009; Morris, 2008; Zimmermann & Stempfel, 2009). Here I discuss research conducted 
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on the usability and drawbacks of ridesharing applications in order to devise ways to improve the 
design of future ridesharing applications. 
The early ridesharing applications were mostly web-based fixed term application such as 
BACSCAP, Carpool Zone, eRideShare and Carpoolworld.com, which mostly focused on 
searching and finding the best match for users using unsophisticated technologies. These 
platforms are in fact only notice boards on the internet to insert rides with search and sort 
functions (Chaube, 2010). For example, WIGeoPOOL is an intelligent matching-algorithm, 
which finds the best offers and requests among thousands of entries, and it will arrange them by 
defined criteria. This application is a web-based carpooling system which supports carpooling 
and public transport and notifies users via SMS and Phone channel (Steger-Vonmetz, 2005). 
These applications seek for optimised match and ignore factors that increase the pool of potential 
riders. Later on, applications such as Goloco were developed, which focus more on usability and 
connecting people within exciting social networks such as schoolmates. With Goloco, it is very 
easy to set up an account and users can ride with the ones they know and trust (GoLoco Inc, 
2007) and friends do not change money for ridesharing (Allen, 2009). Goloco takes no 
responsibility for safety of the driver or passenger.  The primary limitation of this software is the 
lack of participation (Allen, 2009). These systems aren’t useful anymore since people’s 
schedules are more varied and they take many short trips when commuting between home and 
work (Ying, Yu, Changjun, & Jiujun, 2008). These websites were not dynamic and accessible 
while the experience of casual carpooling showed how being ad-hoc is important for successful 
ridesharing.  Burris and Winn (2006, p. 23) defined casual carpools as	 “impromptu carpools 
formed among strangers to meet the occupancy requirements of HOV [High Occupancy Vehicle] 
lanes”. Reasons for the success of casual carpooling are time saving benefits both for drivers and 
passengers, direct money savings directly such as on transit fares or gas/tolls , minimal personal 
commitment requirements and flexible schedule accommodations (Levofsky & Greenberg, 
2001). In summary, casual carpooling does not have the limitations of planned carpooling while 
including incentives such as time saving. The success of casual carpooling shows the demand for 
flexible ridesharing arrangements. Furthermore, Heinrich (2010) survey identified that people 
need 15minutes to one hour advance notice to rideshare which means that there is greater 
potential for ridesharing if it can be spontaneous and easy to organise (Brereton, et al., 2009).  
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Expansion of wireless technology and GPS usage in mobile devices provide the 
opportunity to develop more spontaneous and dynamic mobile ridesharing applications such as 
eCommuter, Avego, GreenRide, piggyback and Ride Now. These applications are able to 
enhance ridesharing activity, since they can arrange ad-hoc rides and support users while they 
are mobile. However, the complexity of real-time rideshare services is the biggest barrier to 
using these systems for casual carpoolers (Heinrich, 2010). One of the major finding in the study 
of dynamic ridesharing applications (Heinrich, 2010) was that conducting short demonstration 
projects does not provide participants enough time to learn the service and become comfortable 
with it (Heinrich, 2010). Therefore, considering the simplicity from a human point of view, 
including the casual rideshare practice, is necessary to design an intuitive agile ridesharing 
application.  This simplicity could be supported by a comprehensive online tutorial or hands-on 
training for users (Heinrich, 2010). 
New ridesharing systems are developed which rely on social networks in order to increase 
the trust among ridesharers, as well as populate ridesharing systems such as Zimride. However, 
even these new emergent systems do not attract people to ridesharing, and the main barrier of 
ridesharing, which is a lack of users, still remains unsolved (Avego, 2013). The literature shows 
that concept-led ridesharing systems are not successful enough to attract users; therefore the 
approach in this research is to develop an exploratory informal agile ridesharing system in order 
to study the barriers and incentives of travel sharing from a human perspective. A comparison of 
current ridesharing systems is shown in Table 2.2. This section discusses ridesharing barriers, 
incentives and possible solutions. 
2.4.4 Barriers of Ridesharing Applications 
Table 2.2 shows that ridesharing applications such as Flinc or Avego support many 
characteristics of a dynamic rideshare such as matching up drivers and passengers automatically, 
door to door navigation support and so forth. Previous research  (Heinrich, 2010; Zimmermann 
& Stempfel, 2009) has concentrated on the barriers of using these ridesharing applications, such 
as system level difficulties in arranging a ride (Chaube, Kavanaugh, & Perez-Quinones, 1999), 
and recommended  that ridesharing applications should be simple to use and easy to configure 
for people. Less attention has been paid to the human-centred aspects, such as user preferences 
for sharing a ride with other partners (Ghelawat, Radke, & Brereton, 2010), or concerns about 
 Chapter 2: Literature Review 43 
physical safety and privacy (Brereton, et al., 2009). These issues can be mitigated by using 
mobile social technologies, as many people trust and rely on their social network relations  
(Brereton, et al., 2009) as discussed in following section. Using mobile social technologies raises 
concerns about privacy and controlling shared content by people. The study of current 
ridesharing systems in Table 2.2 shows that the policies for security and privacy concerns are 
limited to technical methods such as authentication and people’s concerns such as what 
information is displayed to others (Ghelawat, et al., 2010) have not been considered thoroughly. 
This research will investigate human-centred methods for privacy and security, and will 
ultimately identify the real human concerns and ways to fix them.  
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Table 2.2: Ridesharing system comparison 
            System  
 
Features 
Flinc eRides
hare 
Carriva Ridesh
are 
online 
WiRide 
(iThum
b) 
Pick up 
pal 
Avego Piggy 
back 
Zimrid
e 
Ecorio Cartici
pate 
Phone/Web Both Web Web web Phone Web both Phone Web Phone Both 
Traffic update supported N/A N/A N/A N/A N/A N/A N/A N/A N/A  
Social networks FB/Twitte
r 
N/A N/A N/A N/A FB N/A N/A FB/Twitte
r 
FB FB 
OS supported iPhone, 
Android 
N/A N/A N/A All N/A iPhone Android N/A Android iPhone 
Performance 45 secs to 
find route 
Not 
dynamic 
Not 
dynamic 
Not 
dynamic 
N/A Not 
dynamic 
Dynamic Dynamic Not 
dynamic 
Dynamic Dynamic 
Payment E-
payment 
 
Negotiati
on 
Fixed 
payment 
Negotiati
on 
Negotiati
on 
Negotiati
on 
E-
payment  
Fixed 
payment 
Fixed 
price 
E-
payment 
Negotiati
on 
Security Register  
authentica
tion 
Register 
authentica
tion 
Handles 
by system 
Personal 
info share 
rate 
Driving 
License 
or ID auth 
Register 
authentica
tion 
Register 
authentica
tion 
Register  
authentica
tion 
Email 
verificatio
n  
Phone 
auth 
Phone 
auth 
User rating Supported N/A N/A N/A N/A N/A Supported Supported Supported Supported N/A 
Door to door Supported N/A N/A Supported Supported N/A N/A Supported Supported Supported Supports 
Driver/passenger 
match-up 
Supported N/A N/A Supported Supported Supported supported Supported Supports Supported Supports 
SMS/Mobile 
phone 
N/A supported supported supported N/A supported N/A N/A N/A Supported N/A 
Flinc: http://www.ubergizmo.com/15/archives/2010/03/flinc.html, http://www.flinc.mobi/evolution.php 
rideshare: http://www.erideshare.com/carpool.php?city=Mobile 
rideshare online: http://www.rideshareonline.com/Commuters/default.html 
WiRide or iThumb: http://ithumb.org/ Real-time 
Pickuppal: http://www.pickuppal.com/pup/intro.html 
Slug line: http://www.slug-lines.com/Index.htm  
koolpool an indian carpooling cannot find the website 
Avego: http://www.avego.com/st/realtime.php 
Piggyback: http://www.piggybackmobile.com/ 
Zimride http://www.zimride.com/ 
Ecorio: http://www.ecorio.org/index.htm  
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2.4.5 Use of Social Networking to Overcome Ridesharing Barriers 
Lack of trust or discomfort with using a ridesharing system is one of the barriers which 
could be resolved by integrating social networking in ridesharing systems. A solution for 
populating ridesharing systems is focused on local groups such as workmates or neighbours 
(Chaube, et al., 1999), in order to solve the lack of trust which is a major factor that people 
consider while offering or accepting a ride. In ridesharing, looking into the “collective 
identification” (Jenkins, 2008) of people encourages them to participate. This identification 
could be living in the same suburb or organization or even having the same interests.  Currently, 
the development of social networks for neighbourhoods is being considered for community 
people to take part fully in community activities (Redhead & Brereton, 2009).  
The principles discussed in this research for understanding interests for ridesharing in 
virtual communities or increasing awareness for ridesharing in virtual communities could be the 
starting point for introducing new ways of designing ridesharing applications. 
2.4.6 Summary 
In order to understand how to design a successful agile ridesharing system, barriers, 
incentives and suggested solutions were discussed. Identifying incentives in order to encourage 
people to use the ridesharing system is essential. Most incentives in literature are financial terms; 
however, these are insufficient to motivate people to do the ridesharing especially in daily travels 
where monetary benefits are not sufficient to overcome barriers such as social discomfort that 
arises due to lack of trust amongst co-passengers or loss of flexibility in daily travels while 
participating in ridesharing programs.  
In order to design a successful application, apart from technical issues [e.g. simplicity of 
using the application], researchers need to understand the social and personal elements engaged 
in a ridesharing activity such as when a person needs a ride, with whom he/she is going to share, 
the role of technology in this activity and so forth. Current ridesharing applications put 
technology prior to the human, which causes a drought of participants. Understanding the 
infrastructure and putting humans first will help us to devise ways for future ridesharing 
applications. Therefore, running an exploratory system in order to determine what people would 
like to share is the approach in this research to finding new incentives for ridesharing. 
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Additionally, looking to a broader context for ridesharing such as local community groups in 
social networking websites is another way of encouraging people to share a ride. 
2.5 CONCLUSION 
Section 2.2 described the current issues and challenges of designing a context-aware 
application, as well as the gap between the representational point of view and the interactional 
point of view. Identifying user requirements in context-aware systems beforehand is a difficult 
task, as contextual data is tightly coupled with human actions, so most of them will not be 
identified before use. This research will investigate ways to build many examples in order to 
understand how people reconcile these two distinct viewpoints and overcome the problem of 
representing or visualizing dynamic and emergent contexts. Consequently, findings from 
analysing people’s interactions and their interpretations in these examples lead us to design 
applications for a daily activity which support people in a pragmatic environment.  
The other focus of Section 2.2 is the problem of context-aware applications outside the lab 
where the environment is full of seams and people run the application on different devices which 
provide incompatibility issues and so forth. This research will use a seamful computing approach 
in order to design the context-aware application as a pragmatic application, since both the 
strengths and weaknesses of technologies in use are taken into account.  
Social context as an emergent rich contextual data presents features to connect people in 
the virtual world and increase participation. However, people find that the representation of 
social context is complicated and difficult to control. For instance, privacy is an issue of using 
social data from a human perspective, since people are sensitive about their privacy. Therefore, 
this research aims to design a human-centred privacy setting in order to let users control their 
privacy. 
Section 2.3 described the new opportunities and challenges of using social network 
technologies in context-aware computing. Social contexts in these networks have many benefits 
in terms of building communities and trust among people, although possible harm has to be 
thoroughly considered, such as privacy intrusions. Moreover, limitations of mobile devices for 
processing social networks should be overcome. This research will investigate how to use these 
rich contextual data while protecting privacy. 
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Section 2.4 described ridesharing as a cost-effective, immediate, and environmentally-
friendly solution for traffic congestion. Incentives for ridesharing are varied from sharing travel 
cost for long journeys or saving time to taking advantages of HOV lanes. While many incentives 
exist for ridesharing, this activity still suffers from the complexity of daily travels which make 
commitment to a fixed plan for sharing a ride difficult.  
Furthermore, section 2.4 presented current ridesharing applications and their barriers of 
use. The main barriers amongst others which prevent people from using a ridesharing system are: 
loss of freedom, social discomfort, and logistical issues. Current ridesharing systems are 
unpopular because they ignore the complex situations of travelling in daily lives and force people 
to schedule their shared travel not only ahead of time but also accurately in terms of time and 
location. This research aims to understand the real needs of people in ridesharing and how a 
context-aware application can streamline interaction and communication in order to connect 
people together for travelling purposes. 
Consequently, this chapter identifies the current gaps in the design of context-aware 
applications such as lack of considering the human needs in the design time or complexity of 
identifying contextual elements before use. Finally, ridesharing systems are introduced in order 
to address a real problem that social and mobile technology can potentially address. 
 48 Chapter 3: Research Design, Methods and Design Intervention 
Chapter 3: Research Design, Methods and 
Design Intervention 
This chapter describes the research methods used as part of this thesis. It introduces both 
human-centred methods as well as technical methods required to achieve the research objectives. 
The four main methods used were participatory design, iterative participatory design and 
development, social data mining and interaction analysis. Figures 3.1 and 3.2 summarise the 
research process undertaken to achieve the objectives. The final section of this chapter describes 
the design process of a mobile social application for ridesharing. This application, that is called 
agile ridesharing throughout this research, is used as the study context to evaluate the potential 
for a mobile social technology to address a real problem encountered in peoples’ daily lives.  
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Figure 3.1. Research process to answer Practical Question  
 
Figure 3.2. Research process to answer Theoretical Question
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3.1 PARTICIPATORY DESIGN 
Participatory Design (PD) has as its fundamental tenet that those people affected by a 
design outcome ought to be included as full partners in the process of design (Brereton, 2009). It 
has its roots in industrial democracy projects in the 1970's that sought to involve workers, as 
users of technology, in the design of new computerized technologies they were using in their 
workplace  (Greenbaum & Kyng, 1992). As Kuhn and Winograd (1996) pointed out, the length 
and intensity of users involvement was seen as important in Participatory Design because design 
is an iterative and reflective process and because work practices evolve over time as a solution to 
a complex work situation.  
However, in the new era of ubiquitous computing in which stakeholders are often many 
and varied, Brereton and Buur (2008a) found that new formats of participations have emerged. 
These new formats can be characterized by their sensitivity towards new types of network 
relations among people, the diverse motivations of people to participate, the subtle balance of 
values and benefits involved in collaborative endeavours, and the inherent power relations 
between participants. Brereton and Buur (2008a) found that new design methods were needed to 
respond to these new formats of participation. 
This research used a series of Participatory Design methods to identify the needs of 
ridesharing from a human perspective. Prior literatures (Brown & Randell, 2004; Dourish, 2001, 
2004; Dourish & Anderson, 2006) discussed theoretical issues in the design of context-
awareness, but there has since been rapid uptake and development of mobile social applications 
which poses an opportunity to return to fundamental understandings and refine them.  
3.1.1 Mobile diary studies 
Initially a practical approach was taken. The issues and motivation for ridesharing in daily 
travel were investigated and then the extent to which a technology could help to ease ridesharing 
was studied. I undertook mobile diary studies (Hagen, Robertson, & Gravina, 2007) and 
participatory analysis workshops (Mirisaee, Donovan, Brereton, & Roe, 2012) to actively 
involve people in disclosing their needs for ridesharing. The mobile diary, as a new method of 
self-reporting, enabled the reporting of activities’ details, in situ, which are difficult to convey in 
words or remember in interviews (Hagen & Robertson, 2010). The qualitative data included 
conducting mobile diary studies with ten participants who submitted more than 161 diary entries 
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over two weeks. The participants in these focus group studies are all academic staff or students 
in the fields of design, computer science and social science. This research aimed to empower 
participants during requirements analysis by expanding user involvement in the design and 
analysis process (George Chin, et al., 1997) and using participatory design. The analysis 
approach was built on the philosophy of participatory design -- involving participants in the 
design process, co-design, and mutual learning of researchers and participants (Sanders, 2002). 
Two workshops were conducted to test and evaluate our participatory analysis approach.  
3.2 ITERATIVE PARTICIPATORY DESIGN AND DEVELOPMENT 
The design of context-aware mobile social applications is complicated because it is 
difficult for people to imagine using future technologies and how new technologies will change 
their interaction with those technologies and other people. Additionally, most issues of 
interacting with mobile social applications are revealed while using them outside the laboratory 
rather than during the design time. These are the main difficulties of designing a context-aware 
mobile social application, which aims to enhance people’s daily lives. Pursuing this further, 
mobile social applications use contextual data which is mostly private such as the current 
location of a user or their social activities. Therefore, security and privacy are practical issues 
which will generally be identified when used in-the-wild. These issues motivate a search for 
iterative human-centred approaches for designing context-aware mobile social applications. 
These approaches mostly use an exploratory prototype which evolves during use by collecting 
feedback from users and fixing the unseen bugs.  
This research took an iterative participatory design and development approach as means to 
gain insights into a practice that enhances the use of new context-aware mobile social 
applications for ridesharing. An approach called RAID (Reflective agile iterative design) was 
adopted to form part of a wider exploratory, iterative research programme (Heyer & Brereton, 
2010). RAID is a framework for evolving social software through reflective and timely response, 
by the practitioner, and is a cyclic process of design, feedback, and reflection focused around the 
development of an exploratory prototype and the study of its use. RAID consists of three stages: 
design, use, and reflection (Heyer & Brereton, 2010). Development starts with an initial 
deployment of the rough prototype. Initial requirements might draw upon preliminary design 
workshops or interviews. Rather than developing different prototypes, the three stage RAID 
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method aimed to present a single evolving prototype to smooth over logistical difficulties of 
deploying prototypes such as delivery, configuration and training (Heyer & Brereton, 2010). The 
RAID framework was used in this research to actively reflect on prototype design based on 
users’ feedback.  
By using this framework, an exploratory prototype application for ridesharing was 
developed to provide the opportunity for generating many situations in which context 
representation can be evaluated. This application provided the opportunity to understand context-
aware computing from within the framework of a larger design challenge (ridesharing) and real 
human needs. Consequently, exploratory design in this research aimed to generate situations for 
understanding the required context elements from a human perspective. Participants gave 
feedback on different representations and the ways in which they are used.  The application was 
developed iteratively based on feedback from use. The framework for designing context-aware 
applications was devised by examining several different representations, ways in which they 
were used, and mapping out different characteristics.  
Contextual information is tightly coupled with human interactions, therefore; grounding 
approaches in everyday activities can be helpful to better understand the use of emergent rich 
contextual data in people daily lives. The design process can be started by a series of 
Participatory Design methods. Additionally, evaluation of design in-use brings more confidence 
about the key uses and features of an application. An iterative approach such as RAID is taken to 
close the loop between perceived requirements and system use practice in the development of a 
ridesharing application. 
3.3 DATA MINING USING SOCIAL APIS 
Social networking websites contain conversations about people and their recent activities 
or recent locations. This research used a simple data mining method to collect social data in local 
community social networking groups, specifically on Facebook, to better understand how 
ridesharing opportunities emerge in these local groups and how researchers can use them for 
connecting people or make them aware about ridesharing. The technique for mining social and 
contextual data used in this research is natural language processing as a method of text mining 
useful for mining social webs such as blogs (Russell, 2011) which was implemented using social 
APIs and PHP language. The details of data mining and analysis are explained in Chapter seven.  
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3.3.1 Message Analysis 
The theoretical question (RQ2) stems from how to reconcile two distinctly different views 
of context (representational & interactional) in order to provide a better theoretical understanding 
of context aware computing. Three objectives (Figure 3.2) are identified to answer this question. 
The first objective is mapping out the nature of representations. What is suitable to represent as a 
contextual element, and how it should be represented? Messages that participants inserted to the 
application over the time were analysed manually by researchers to understand both what people 
are representing and what the system can represent. This analysis helped researchers understand 
what people were considering in their travels and how to represent related items with their 
concerns. The details of analysis and findings were explained in chapter eight. 
3.4 INTERACTION ANALYSIS  
The second objective is mapping out interactions and representations (2.2). People were 
studied interacting with the ridesharing interface in the wild. The types of interactions and 
representations encountered were analysed and mapped out. 
The nature of mobility and contextual design makes it difficult to always follow 
standardized approaches to studying human interactions particularly with mobile devices outside 
the laboratory (Brown, Reeves, & Sherwood, 2011). Previous research that studied mobility or 
actions on the move (Dourish, Anderson, & Nafus, 2010; Kankainen & Oulasvirta, 2003; 
Oulasvirta, 2004), mostly used methods involving researchers shadowing participants. However, 
this approach has the general disadvantage of requiring significant investment in time and 
resources to understand people’s behaviour (Carter & Mankoff, 2005). In particular, practical 
obstacles such as dynamic changes in plans, the impossibility of following participants in 
moving vehicles, and security and privacy issues make observation difficult for in-context data 
collection (Blom, Chipchase, & Lehikoinen, 2005).  
This research took a self-recording approach in-the-wild using a head mounted camera to 
resolve the problem of shadowing for the purpose of capturing interaction. In-the-wild studies 
(Johnson, Rogers, Linden, & Bianchi-Berthouze, 2012; Korn & Bodker, 2012) aim to understand 
interaction outside the laboratory so as to learn from the interaction and better design the 
technology during the development process. This head mounted camera enabled an in-the-wild 
study to understand how participants interoperate the agile ridesharing application with the 
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mundane applications (SMS, phone, email) on their mobile device to perform a highly socialised 
and contextualised ridesharing activity in an environment full of infrastructural problems such as 
corrupted network coverage.  
The third objective is mapping out interpretation of context aware representation. To 
achieve this objective, the participants in each group were asked to participate in a focus group 
session to interpret their interaction using the mobile device. The in situ recording and 
subsequent interaction analysis were followed by focus group sessions with participants to 
explain their actions. An inductive thematic analysis approach was taken to categorize and 
summarize the recordings and discussions in focus groups until themes emerged from the data 
(Lapadat, 2010).     
3.5 AGILE RIDESHARING APPLICATION 
This section describes the design and development of agile ridesharing application. The 
agile ridesharing application is a web-based mobile application developed using the PHP 
language and JQuery mobile in order to be compatible with all smartphones. The agile 
ridesharing application aimed to provide ways for people to share their rides with friends or 
groups such as co-workers. Although many ridesharing applications are designed on the premise 
of origin, destination and time, making the assumption that there are the key parameters, this 
agile ridesharing application allowed people to share their rides using free form messaging.  
3.5.1 Opening phase 
In the opening phase of study (from June 2010 to March 2011) an exploratory ridesharing 
application was used to manage about travel shared within a social group, in order to understand 
the kinds of things that people share.. This application was designed by Sunil Ghelawat and 
colleagues in Queensland University of Technology (2010). This ridesharing application was a 
web-based mobile application compatible with iPhone mobile devices. After conducting 
brainstorming with participants, priorities for the next evolution of the application  were 
determined to be: A) Allowing participants to control who could see their posts, rather than 
posting to everyone, B) Integration with email and text messaging (Brereton & Ghelawat, 2010) 
and C) making the application compatible with all smartphones. The research in this thesis 
follows on from this work. 
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Figure 3.3. User interface of ride page in agile ridesharing system (Ghelawat, et al., 2010) 
3.5.2 System architecture and Interface  
The Agile ridesharing application architecture was initially built around using PHP 
language, CSS and JavaScript which suits iPhone devices. In the new version, the Web site was 
built using standards compliant HTML, with JQuery mobile added to enhance the compatibility 
with all smartphones. The current ridesharing application consists of a Web site and server that 
contains all of the information about rides and users (using PHP and MySQL). The Web site and 
server are implemented using Linux, Apache, MySQL and PHP (LAMP). Figure 3.4 shows the 
overall architecture of the agile ridesharing application. 
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Figure 3.4. The server-client architecture for agile ridesharing application 
The interface of the agile ridesharing application consisted of four main sections: rides, 
messages, groups and profile. Each section will be explained in the rest of this section. 
Rides 
The first section for the application is ‘Rides’. It includes all of the rides shared either 
publicly or with specific users. Users can share a ride with others in their ridesharing network 
within this section by clicking on the ‘offer/seek ride’ button. Figure 3.5 shows the main page of 
the ride section. The purpose of the ‘Rides’ section is providing an easy access to essential 
information for ridesharing such as recent rides offered by friends, ability to refine rides based on 
users’ interests, shortcut menus and buttons to accept a ride or create a new ride.  
Internet  
Client 
Client 
Server 
Database  
Client 
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Figure 3.5. Screenshot of main page where a user can see the rides shared with him/her 
Messages 
The ‘Messages’ section (Figure 3.6) designed to support users’ messaging activities. Users 
can use this section for the negotiation purposes before accepting a ride. Users also use this 
section for coordinating a ride after accepting to share a ride together. For this purpose, this 
section is interlinked with other sections of the application including ‘rides’ and ‘groups’ in order 
to provide a better service for users. For example, users can directly send a message to other 
parties for a ride within the ‘display ride’ page in ‘Rides’ section where they are looking at the 
ride details. Users can send a group message within the ‘groups’ section without switching to the 
‘messages’ section. Negotiation for ad-hoc rides should happen in real time. Therefore, the 
messaging section in the agile ridesharing application uses the Short Messaging Service in order 
to notify users instantly when they have a new message or when a change happens in a ride 
related to them. Figure 3.6 shows the main page of the ‘messages’ section where all messaging 
activities including private and group messages are available to users.  
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Figure 3.6. Messages section consists of a main page for checking private and group messages, a compose section 
for users to create a message and send to specific ones in their ridesharing network, a group message page to create a 
message and send to a group and ‘notifications’ page which shows recent notifications to users about their friends 
activities and rides.  
Groups 
The ‘Groups’ section (Figure 3.7) is a place that users can manage their groups including 
joining or unjoining a group, creating a new group, inviting friends to the created group and 
sending a group message to all members of a group. The purpose of designing a group section 
for agile ridesharing is to allow users to create a group and invite trusted users with similar 
interests. Using this feature, users can share rides without the hassle of selecting the right people 
and without concern of sharing their private information.  
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Figure 3.7. ‘Groups’ section is a place that users can manage their ridesharing groups. They can create a ride group 
and invite people to it by clicking on ‘create a ride group’ button. They can send a message to a group by clicking 
‘send message’ button beneath each group summary.  
People 
Users are able to manage their social activities in the ‘People’ section (Figure 3.8). Users 
can write about their interests and their preferences for sharing a ride in this section. The purpose 
of this sharing is helping users to find and connect with people who have similar interests to 
themselves and ultimately to generate more successful rideshares. Users can view their pending 
invitations or friend requests on this page. To connect with others users can access the ‘invite 
friends’ page (Figure 3.9). 
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Figure 3.8. In ‘People’ section users can see the status of their friend’s invitations and friends requests. They can be 
friend with others in ridesharing application by clicking on ‘invite friends’ button.  
Users can send friends request to other member of agile ridesharing application or invite 
new friends outside of the application via their contact list in their mobile phone or using email 
address or via Facebook (Figure 3.9).  
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Figure 3.9. In ‘Invite friends’ page users can send friendship request to other member of agile ridesharing 
application as well as  new people to the ridesharing application by sending emails, or sending messages to their 
contact list on their mobile device, or from their Facebook contacts.  
3.5.3 Design iterations 
The developed mobile social application for ridesharing application was evaluated with 
different focus groups in different time frames inside and outside university from June 2010 to 
July 2013. These design iterations happened after each activity with participants including,  
 One brainstorming after the opening phase in June 2010 
 One participatory workshops within QUT with academic staffs and students after the 
first design changes in March 2012 
 One participatory workshops with residents of an outer dormitory suburb in July 2012, 
 Ten in-lab interviews with users in October and November 2013 and 
 In-the-wild studies with five groups of participants in July 2013.  
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After each phase, design changes were made based upon feedback obtained from the 
participants who used the application and participated in workshops. The intention of the main 
design changes (described in more detail in the following sections) has been to; 
A. Better refine the audience refinement for the rides 
B. Give an appropriate level of alerts and notifications 
C. Increase the visibility of rides by using more attractive elements and font colours 
D. Provide an easy way to communicate for rides 
E. Provide locational information and easy mechanism to control it 
Refine Audience 
Activity analysis of the workshops and interviews showed that participants are aware of 
controlling what they share with whom. The design challenge is to provide an easy way for 
people to refine their audience which avoids confusion. In the first development participants 
could share their rides with everyone, all of their friends or specific friends by selecting their 
friends’ names. Participants were confused by having two separate options for sharing with 
friends. Therefore, they suggested merging the two options, “sharing with friends” and “sharing 
with specific ones”, together and naming it “friends”. By selecting the ‘friends’ option, the 
application shows a list of users’ friends on the interface and allows people to decide whether 
they would like to share with all friends or specific ones. In early phases, participants should 
switch to the ‘Groups’ section to share a ride with their ride groups. In later versions this 
switching issue was solved by adding group option in ‘share with’ section as shown in Figure 
3.10. 
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Figure 3.10. Adding share with ride groups in ‘offer/seek for a ride’ page in ‘Rides’ section in order to resolve the 
problem of switching when users want to share a ride with one of their ride groups. 
Alerts and notifications 
One of the key factors from the participants’ standpoint is giving them an appropriate level 
of alerts and notifications to inform them about others activities. Initially, an email notification 
mechanism was developed along with an internal notification mechanism on the interface which 
was called ‘Look!’ (Figure 3.11).  
The ‘look’ mechanism was not provocative enough since people did not check the 
application frequently. The email mechanism was not reliable enough because participants were 
often out of 3G or internet coverage. Therefore, the latest version was integrated with a short 
messages notification system which sent SMS to users’ phones about new activities happening in 
the ridesharing application, including the messages about the activity therefore users did not need 
to switch to the application to see the message. They only need to switch the application if they 
wanted to make an action about the message for example replying back to the sender and they 
could do that by clicking on the link attached to the message. 
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Figure 3.11. Users are notified about new messages via the top left Look! button. Users can find about the details in 
your notification page. This mechanism was not provocative enough since users did not check the application 
frequently.  
Visualisation 
In agile ridesharing, which plans are dynamically changed, a good representation of 
information is vital to allow users decide immediately what to do. In the first development, the 
interface showed only a portion of the ride message in text so to know about the whole ride or to 
remove a past ride they needed to navigate to other pages.  In later versions, I used more 
interactive elements to provide information and reduce navigation including colouring fonts to 
highlight important information in a ride or icons to reduce navigations between pages. For 
example the thumbs up icon on the right hand side in Figure 3.12 allowed users to accept a ride 
immediately without navigating to the ‘ride’ page. A delete button icon next to a past ride 
allowed the ride creator to delete a ride immediately without navigating to his personal ride page. 
Observing participants interactions with new design identified the importance of visualising the 
fragments of data to improve the ridesharing practice.  
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Figure 3.12. Using icons to remove buttons and colouring fonts  
 
Separating timely rides helps people to distinguish between the current rides and past rides. 
In the first version of the application, participants could not distinguish between them. They 
suggested that the agile ridesharing application highlights current rides, targeted rides and 
aggregates the rest into an anonymised historical record of opportunity. Having access to the 
history of rides give participants an idea of what happened before. Also, users can find potential 
riders for their future rides in the ride history. In the second version the ambiguity was resolved 
by aggregating the past rides in another page called ‘Past Rides’. 
Provide an easy way to communicate for rides 
Messaging is used to negotiate about offered or sought rides and to organize the rides. 
Most of the interactions with the application happen in this section. Participants agreed that the 
messaging gateway is an appropriate medium to arrange a ride. Firstly, participants asked to 
merge individual messages and group messages into a page to facilitate the access to the 
messages as shown in Figure 3.6. Secondly, they asked to have different colors for active or live 
messages that they are engaged in to prioritize their messages .They were highlighted in green. 
The active messages could be deactivated by users or when the time has passed. 
Exploring methods to make the messaging easier identified that allowing people to store 
preset messages for rides and allowing them to use shortcut keys in messages reduced the 
amount of typing and made the communication easier. The later version of the agile ridesharing 
application provided a service which allowed users to load their previous rides and modify them 
to create a new ride. The newer version also provided a service for users to use shortcut keys 
such as bracket for location in order to allow users to select a location from their recent 
submitted location in the application instead of typing the complete location as shown in Figure 
3.13. 
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Figure 3.13. Auto complete features was developed to avoid typing such as using bracket to load recent locations 
and select from the provided locations instead of typing. 
 
Using and controlling locational information  
Developing locational features was very challenging for the agile ridesharing application 
because accessing mobile device sensors via a web-based application is very difficult. This 
application used google maps applets for developing locational features. Locational information 
is shown to other parties in a ride if a user accepts to share his/her location with them. The 
application obtains the locational information from the google applet and sends this information 
to other parties by visualising it on a map interface as shown in Figure 3.14. The locational 
information was integrated with messaging features within the application in order to support 
users in situations where the locational service does not work properly. Users can send quick 
predefined or customised messages to other parties to tell them about their situation or ask for 
information from them. 
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Figure 3.14. Map page which is showing riders locations and allow them to send quick messages to coordinate their 
rides.  
3.5.4 Public use of the application 
This application was advertised constantly within university and within an outer dormitory 
suburb by giving flyers to people and advertising in the local community digital noticeboard for 
over a year in order to grow a population for ridesharing. At the end of the study, 70 individuals 
registered to the application however only 15 individuals created rides in the application. More 
than 80 rides were created from February 2012 until July 2013. Only 10 of them led to a 
successful ridesharing activity. 23 ride groups were created in the application, while only four 
groups were actively used by their members to share rides. This research took other means to 
study different facets of the complex problem of ridesharing due to low public participation to 
the study. Ridesharing initiatives typically require a lot of resources put towards building a user 
 68 Chapter 3: Research Design, Methods and Design Intervention 
base. It was hoped that a mobile social application could support a more flexible version of 
ridesharing and thus grow a user base organically. However, this did not happen by itself in the 
timeframe and scope of this PhD research. It was decided to further investigate the problem 
using other approaches. 
3.6 SUMMARY 
This chapter reviewed the innovative techniques taken in this research in order to provide a 
new perception of designing context-aware mobile social applications. Methods applied in this 
research are a mixture of human-centred and software development methods. This mixed method 
approach was employed in order to develop answers to the practical and theoretical questions 
posed. Finally, the design and development of the mobile social application that was used to 
study context in this research is explained. Problems and hurdles experienced in evaluating the 
application justifies why this research requires studying broader context such as local 
communities and social networking websites in order to develop design principles.  
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PREAMBLE 
Mirisaee, Seyed Hadi, Donovan, Jared, Brereton, Margot, & Roe, Paul, Participatory 
analysis of mobile diaries to inform the design of ridesharing systems. In Participatory 
Innovation Conference 2012, Swinburne Lilydale Conference Centre, Melbourne, VIC. 
This paper reports the benefit of using mobile diary studies and the participatory method to 
understand people’s concerns and motivation for ridesharing, to inform the design of a mobile 
social application for ridesharing. Activities explained in this paper are taken in order to examine 
the methods for satisfying the first part of the practical objective which is addressing human 
concerns in ridesharing (objective 1.1). This paper details the involvement of participants in a 
requirements analysis workshop in order to change their role from informant to analyser. 
This work explicates how activities in the mobile diary study and participatory workshop 
empowered participants to analyse real human needs and design a convenient application that 
supports people in their ridesharing activity. This work is based on preliminary data collected by 
four participants who submitted 65 diary entries in two weeks. This paper identifies how 
activities convert participants from passive informant to active analyser by allowing them  
 To reveal different aspects of travelling,  
 To express new ideas for ridesharing through collaborative analysis, 
 To identify required features and elements for their interface.  
Additionally, this paper reveals findings about the nature of daily travel in which a 
situation and emerging social engagements can change travel activity dynamically. Overall, the 
benefit of involving participants in the requirements analysis was to disclose new features and 
practices from the diary data that would not otherwise have been found.  
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ABSTRACT 
In many “user centred design” methods, participants are used as informants to provide data 
but they are not involved in further analysis of that data. This paper investigates a participatory 
analysis approach in order to identify the strengths and weaknesses of involving participants 
collaboratively in the requirements analysis process. Findings show that participants are able to 
use information that they themselves have provided to analyse requirements and to draw upon 
that analysis for design, coming up with insights and suggestions that might not have been 
available otherwise to the design team. The contribution of this paper is to demonstrate an 
example of a participatory analysis process.  
4.1 INTRODUCTION 
In many data gathering methods such as interview or questionnaire, designers use 
participants as informants to provide the information. In this approach participants are not 
involved in the data analysis(George Chin, et al., 1997). Participatory analysis aims to empower 
participants in the requirement analysis stage by asking them to involve collaboratively in the 
activity (George Chin, et al., 1997; Muller, 2001). Participatory analysis is useful in order to get 
different perspectives on a specific practice. The objective is that participants from different 
backgrounds such as design and IT can see different aspects of a practice and disclose different 
understandings and requirements for supporting existing or new practices. The outcome of the 
analysis will give the researchers a better understanding for the design and development of a 
supportive system.  
This paper considers the effectiveness of a participatory analysis workshop. The authors 
aim to understand how a participatory analysis of travel diaries can help them to develop a 
deeper appreciation and characterisation of the specific daily practices of travelling. Also, it 
considers the role of the facilitator in the activities.   
This paper investigates the workshop activities in order to identify strengths and drawbacks 
of the participatory analysis workshop and to come up with some suggestion for future activities. 
The contribution for this paper is showing how to involve participants in the requirement 
analysis workshop in order to shift from a user-centred method to a participatory analysis 
method.  
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4.2 BACKGROUND 
The use of collaborative workshops and participatory games as ways of organizing design 
activities is well established in the field of participatory design. Participatory design involves 
users being active in the design process (Brandt, 2006). Common requirements analysis methods 
(Sanders, Brandt, & Binder, 2010) in participatory design are interview, questionnaire, 
brainstorming and focus group. Currently, the game metaphor is used commonly in participatory 
design in order to understand and organize participation in the workshop (Brandt, 2006). Using 
Mock-ups for hands-on experiments before designing the real prototypes in order to show future 
system started in the early nineties (Ehn & Kyng, 1991). Owing to the expansion of technology 
intangible, digital, data collection is becoming more common in design. Buur and Seondergaard 
(2000) have started to investigate ways to make video available as a resource in design 
discussions.  The video card game was designed in order to make the digital materials tangible 
(Buur & Soendergaard, 2000). Integrating participatory design approaches with the video card 
game and mock-ups formed the foundation of our workshop design.   
4.3 METHOD 
This research aimed to investigate users’ behaviour and their requirements for their daily 
travel and it also analysed this in relation to the implications for the design of ridesharing 
systems. A particular emphasis was placed on the need to gather detailed qualitative data about 
participants’ everyday travel activities and to complement researchers’ interpretations of this 
data with the grounded understandings of the participants themselves.  To achieve this, the study 
consisted of the following two parts:  
 A mobile diary study was undertaken to gather information about people’s everyday 
travel habits 
 A collaborative workshop was then organized to collectively analyse the mobile diary 
study data along with the participants from the study 
4.3.1 Mobile Diary 
Diary studies are designed to capture participants’ activities  as they occur in the 
environment (Palen & Salzman, 2002). The spread of smart phones has introduced the mobile 
diary as a new method of self reporting. The mobile diary method enables the reporting of details 
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of activities, in situ, which are difficult to convey in words or remember in interviews (Hagen, et 
al., 2007).  
4.3.2 Participatory Analysis 
By expanding user involvement in the design and analysis process and using participatory 
design, researchers aim to empower participants during requirements analysis. Techniques such 
as interviews or observations include participants in data gathering passively (George Chin, et 
al., 1997). Participatory analysis techniques aim at increasing user participation from the earliest 
stages of requirements analysis (George Chin, et al., 1997). 
Our analysis approach is built on the philosophy of participatory design -- involving 
participants in the design process, co-design, and mutual learning of researchers and participants 
(Sanders, 2002). We conducted a workshop in order to test and evaluate our participatory 
analysis approach. The workshop’s aim was to understand what people think about travel 
practices. 
4.4 STUDY 
4.4.1 Participants 
A mobile diary trial, with five participants, was conducted for two weeks. Four participants 
who actively updated their diaries during these two weeks were selected to participate in our 
workshop. All participants knew each other and they had a background in design and IT.  
4.4.2 Data collection 
Data from the four participants included photos and text messages which participants 
created using their handsets.  
We analysed three different types of diary in this workshop:  
 Daily travel diaries include the whole travel story in one message. These can be 
broken into chunks or analysed as a whole message.  
 Partial travel diaries include a part of the participant’s daily travel such as going to 
work. The partial travel log explains a series of activities from the origin to the 
destination (Figure 3.1).  
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 In situ travel diaries include an activity that takes place while travelling, for example, 
parking the car and the context of the specific parking activity. 
 
Figure 3.1: A mobile diary entry- Partial travel diary sample   
4.5 WORKSHOP DESIGN 
Table 3.1 describes the workshop activities which were designed in order to achieve the 
objectives for participatory analysis. This program is inspired from Buur and Soendergaard 
(2000). 
4.6 ACTIVITY ANALYSIS 
The workshop began with the facilitator’s introduction and explanation about the first 
activity. Participants were familiar with the diary cards. Four participants were in the workshop. 
We called them P1, P2, P3 and P4. For the first three activities P1 and P2 were in team1. P3 and 
P4 were in team2. 
 
 
 
 
 
 
Delayed for 10am meeting with Andy. Traffic at standstill 
on stone rd at I’ve. .Roadworks. Thought I’d avoid traffic by 
coming after 9am. Pls can you let Andy know?  
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Table 3.1. Description of workshop activities 
Activity Description 
Introduction The facilitator explained the materials in the workshop.  
Dealing with 
Cards 
Participants read cards in a 
group of two and wrote notes 
about the cards. In this stage, 
there was no collaboration with 
the teammate. Each card 
represents a diary. 
Grouping 
Cards in 
Themes 
In this activity, teammates 
discussed each card with the 
other and tried to group their 
cards into themes. Finally, they 
finished the grouping activity 
by sticking photo-cards on an 
A3 poster for the theme. 
Theme 
brainstorming
In this activity, participants 
could write their thoughts on a 
post-it note and stick it on the 
poster. Their thoughts could be 
about barriers to travel or 
suggestions about future mobile 
application. 
Design 
Scenarios 
Each group chose one theme 
and designed a mobile 
application prototype. 
General 
discussion 
We aimed to get feedback 
about the workshop activities. 
4.6.1 Dealing with the Cards 
In the first activity teams concentrated on writing notes on the cards. Team1 worked on the 
pile and sometimes, photos on the cards motivated them to pick the card. Different behaviours 
were observed for writing the notes on the cards. For example, P1 organized his cards to write 
notes and reviewed them while P2 just went through her pile. In Team2, participants started 
writing on the cards without any pre-ordering or specific selection.  
Participants used their extra time to group their cards and prepare them for the next activity 
when they found about the next activity by reading the workshop program. 
We achieved our main objectives in this activity, which was to summarize the diaries and 
to have different lenses on the diaries by distributing the diaries to different participants. 
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Additionally, we found that drawing on the cards that happened to have comments but no photo 
was a very nice way to engage people in the activity and was a useful way to remember the 
cards’ contents.  
4.6.2 Grouping Cards 
For the “Grouping Cards” activity, participants in the teams exhibited different styles of 
working with and talking about the cards when grouping them into themes.   
Participants in team1 gradually grouped their cards by swapping stories and getting 
themselves familiar with the cards. Later, they stuck the cards on the poster and chose a title for 
the poster. Interestingly, team1 was concentrating on the main objective of the workshop during 
the activity which was designing a ridesharing system.  
Contrary to what we might initially expect according to our observations of team1 activity, 
themes were not built up gradually for team2. They already had quite well developed names for 
the themes which helped them to do the activity more quickly. Pairs in Team2 gave a quick 
overview of all of their themes then started to merge or regroup the cards immediately following 
sticking on the posters.  
Team2 collaborated in all tasks of the card grouping activity, even sticking the cards on the 
poster which somehow showed their joint work for the activity. Another interesting activity was 
adding a card to a previously finalized theme. This showed that using physical materials in the 
activity engaged participants in the activity. This engagement helped them to remember their 
themes and to consider the possibility of merging or adding cards to finalize themes and form 
bigger themes if desired, although no bigger themes were formed.  
Study of the teams’ behaviour in grouping activity showed two distinct styles. Team1 took 
a more expressive, storytelling approach for organizing their cards into the themes. The merging 
process took longer and happened by negotiation since they had to be sure that the card could fit 
into the group. However, Team2 took a more theme-based approach to grouping the cards. They 
had selected the themes beforehand for their own cards and tried to group or rearrange the cards 
according to their selected keywords or themes.  
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Figure 3.2. Participants made use of the physical affordances of the cards and table in order to group the cards 
We achieved the objective of identifying different aspects of travelling from the 
participants’ points of view since participants came up with various themes explaining different 
activities related to the daily travel. However, the number of themes was more than we expected 
and efforts to merge them to bigger themes were unsuccessful. 
4.6.3 Card trading Activity 
This activity aimed to put cards in more appropriate themes and merging themes into some 
more general themes.  
During the discussion, participants explained the themes to others by pointing to the cards 
one by one, rather than explaining the themes generally and then used the cards as a specific 
example. An interesting point during theme explanation was sometimes participants explained 
their own experiences in real life that were similar to the card activity. Also, some general 
discussion relating to the cards happened among the participants. Emerging experiences during 
discussion is one of the advantages of conducting a participatory analysis workshop. Since, those 
experiences can be used for requirement analysis as well. 
By explaining each theme, the other team looked for similar themes or cards in their 
materials. We have heard sentences such as “I’ve got one that slightly related…” or “similar to 
this card…”  
The outcome of this activity was not successful in terms of trading cards or merging 
themes into bigger themes. One assumption was that sticking cards on the poster hindered the 
exchanging of cards. We watched participants point to similar cards in other themes and discuss 
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about it however, they didn’t exchange cards. The other assumption was that participants already 
made their decision about grouping the cards and they were not willing to put them into other 
themes. However, this activity was very useful in terms of familiarizing participants with the 
cards and the themes for the brainstorming session.  
4.6.4 Brainstorming 
Usually a conventional brainstorming session aims for “fast and furious” idea generation 
however, participants in this workshop brainstorming turned to a collaborative, sharing activity. 
Participants shared their ideas with each other and contributed to other’s idea in a friendly 
environment with less disagreement and criticizing. We obtained fewer ideas rather than an ideal 
brainstorming but participants covered all the themes. They raised various issues in daily travel 
and came up with very interesting design ideas.  
4.6.5 Design Activity 
Teams selected a theme to inspire a design.  Watching videos of the workshop showed how 
participants analysed ideas attached to the poster in order to identify their required features and 
elements for their interface design. Additionally, videos showed how collaboration in previous 
activities helped participants to know each other better.  For example P2 told that specific timing 
is interesting for P4 since he is the “on time guy”. Different behaviours in the design activity 
such as how to use the interface cut-outs or previous materials showed that different 
characteristics of materials that people happened upon led them to create their design in different 
ways. 
4.7 DISCUSSION 
In this section we review our findings and participants comments on the activities in order 
to investigate the strengths and weaknesses of the participatory analysis workshop. 
The main outcome of this workshop is obtaining more than one analysis for each card 
which reveals different aspects of travelling for the same situation. Writing notes on the cards 
was a popular activity among the participants. P1 was surprised by the amount of data and ideas 
extracted from the photo cards while he compared the initial data source with rich, detailed 
sources such as videos.  
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This workshop aimed to involve participant collaboratively in the requirement analysis 
activities in order to understand the barriers of daily travel and obtain user-centred ideas for 
resolving the issues. However, some activities such as sticking the cards on the posters or 
sticking posters on the wall hindered the collaboration. In the closing discussion with 
participants, two participants mentioned sticking posters on the wall was a hindrance for 
collaborating in brainstorming. They recognized if we made the posters more tangible by putting 
them on the table it might lead to a better result.  
The brainstorming activity in the participatory analysis workshop was less quick and 
spontaneous due to the collaborative behaviour of participants to explain situations, sharing the 
idea and then writing the idea. However, this brainstorming approach led to ideas being 
elaborated and required less effort to analyse and refine. 
Finally, P3 mentioned that participants might think about the workshop afterwards, so it 
could be good to send them a summary of the workshop to obtain further feedback and 
comments about the activities. 
4.8 FINDINGS FROM THE TRAVEL DIARIES 
This workshop also aimed to get a different perspective of designing ridesharing 
applications by involving participants collaboratively in the requirements analysis stage.  
From the participants’ point of view, travel activities are a part of their life which is started 
before the travel by planning and can be changed in different situations. From their perspective, 
situation and context can change the aim of the activity. For example sharing a place can be a fun 
thing or an activity for safety. Family activities and events form a large part of these participants’ 
travel practice. It is essential to consider family activities in the design of a new system. Findings 
show that participants look at travel activity as a part of their life and have a broader view of the 
activity in comparison with system researchers. The experience of involving participants in the 
requirements analysis demonstrated how new features and practices are disclosed from the same 
data. Therefore, participatory analysis can help us to rethink ridesharing systems design. 
4.9 CONCLUSION 
In this paper we explicated how the activities helped to empower participants for the 
participatory analysis of daily travel. Revealing different perspectives for similar situations in the 
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daily travel demonstrated the strength of participatory analysis rather than individual 
interviewing. Design activities showed how participants analysed the provided information such 
as barriers and suggestions in order to design the prototype. However, a few drawbacks were 
recognized during the reviewing of workshop’s video. For example, sticking the posters on the 
wall reduced collaboration in brainstorming. The contribution of this paper is to reveal details 
about how to involve participants in a requirements analysis workshop in order to change their 
roles from an informant to an analyser.  
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Chapter 5: Analysing ridesharing personal 
and social perspectives 
PREAMBLE 
Mirisaee, Seyed Hadi, Brereton, Margot, & Roe, Paul, Analysis of Personal and Social 
Elements in the Ridesharing Activity in the Broader Context of Daily Travels (forthcoming). 
This chapter reports the findings from involving participants actively in requirements 
analysis to understand better the complexity of ridesharing within the broader context of daily 
travels and to identify the requirements of a mobile social application for ridesharing in response 
to objectives 1.1 and 1.2 , This chapter  proposes a series of design ideas to overcome the tension 
in relating the understanding of current practices to future inventions (Steen, 2011).  
This chapter reports the various aspects of messiness in ridesharing activities. This reveals 
that the complexity of sharing a ride as a part of daily travel and the constraints involved cannot 
usually be expressed in the fixed pattern of origin, destination and time. The importance of 
human contact as a part of negotiating and coordinating a ride appears to be neglected in the 
concept-led design of ridesharing applications which seek to match people based on sensed 
information such as time and location. The discussion in this chapter presents a series of design 
implications to address these limitations for future ridesharing applications. Design of 
ridesharing applications needs to find ways to allow people to express the constraints or 
complexities in their daily travel activities easily (probably in a free-form message) and to allow 
users to share other modes of transport such as allowing them to seek or offer courier sharing 
such as picking up an item to help a neighbour. In addition, the ridesharing application needs to 
be interconnected with other mundane technologies such as SMS or email in order to streamline 
the human contact for ridesharing. Finally, new opportunities to broaden the role of ridesharing 
in strong communities, such as local communities or work areas are considered in order to 
mitigate concerns about ridesharing (for example, physical safety). 
The contribution of this research is the understanding that, when designing a service for a 
complex daily activity such as sharing a ride in daily travel, designers need to shift their design 
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thinking from developing a service that aims to support a whole daily activity to developing a 
service that supports the gaps in a daily activity which current technology is unable to cover. 
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ABSTRACT 
The expansion of mobile devices provides a great opportunity for ubiquitous computing 
research to design applications which support people in their daily lives. However, the complex 
infrastructure that supports mobile devices and the social and cultural aspects of technology use 
compels researchers to understand this broad range of factors from infrastructural through to 
socio-cultural and personal before designing the actual application. This research aims to take a 
series of human-centred approaches to investigate the messiness of a daily activity and the extent 
to which a new application can streamline that daily activity. Mobile diaries were used as a data 
collection approach and two participatory analysis workshops were conducted to analyse the data 
collaboratively with the participants. The activity of ridesharing, which involves two or more 
people sharing a trip to reduce the number of cars on the road, was chosen since it is a complex 
everyday activity that offers design opportunities for mobile applications that can support the 
activity. This research identifies that current ridesharing applications limit the ability of people to 
share their constraints regarding a ride. Later, a series of design implications and understandings 
to bridge the gaps in the ridesharing activity are proposed such as applying free-form messaging 
to allow people to express their constraints regarding a ride. The significance of this research is 
the conclusion that the designers of ubiquitous applications need to design new technology in 
order to fill the gaps that current technologies cannot support in a daily activity.  
5.1 INTRODUCTION 
In Mark Weiser’s (1993) early vision of ubiquitous computing, people would interact in 
the physical world and computing would fade into the background as interaction with computing 
systems becoming implicit.  This notion envisaged services working together seamlessly without 
interrupting people’s activity. The expansion of mobile devices provides a great opportunity for 
this notion to be further developed; however, the messy infrastructure, incompatibility between 
different mobile devices, and the social and cultural elements engaged in the use of the 
technology (e.g., using a specific application to keep in touch with a group of friends) are the 
main barriers in the design of seamless services. Bell and Dourish (2007) suggested that, instead 
of attempting to design seamless services, it was more beneficial to study how people manage 
how new designs can support people in the messy environment. Previous research has explored 
device and application use in messy environments (Barkhuus & Polichar, 2011; Broll & Benford, 
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2005)  but less attention has been paid to how a complex, messy social activity itself impacts the 
ways in which people use their technologies. That is, how social and personal factors shift the 
focus from knowledge about technology use to knowledge about the performance of an activity. 
This research aims to take a series of human-centred approaches to investigate the: 
 messiness of daily activity,  
 desired service design for ridesharing, 
 role of current ubiquitous applications in daily activities, and  
 extent to which a new application can streamline that daily activity.  
The activity of ridesharing was chosen to investigate the problem of understanding social 
engagement and messiness, since ridesharing is a complex everyday activity that offers design 
opportunities for mobile applications to support it. Examples such as the need for a ride raised 
in-situ, or the use of different communication channels to share and coordinate a ride, emphasise 
the messiness of the ridesharing activity. Moreover, ridesharing decisions may be impacted by 
social relations or concerns about privacy and physical security.  
Current ubiquitous applications for ridesharing suffer from a naïve view of context by 
trying to match riders by only using sensed information such as location and time. However, 
people consider various factors such as flexibility of travel, type of travel, friendship and so forth 
when they choose to share a ride with others. The focus in the present research is on ‘people’, 
with the aim to try to understand why and when they need to share a ride, how people coordinate 
their rides and consequently how technology can be designed to support them. In order to answer 
these questions, this research studies the ridesharing opportunities in a broader scope of daily 
travel by taking a series of human-centred approaches such as the mobile diary and participatory 
analysis. 
Analysis of the ridesharing activity using experience maps highlighted that the messiness 
of the ridesharing activity changes the way people use technology and uncovered gaps that have 
not been considered in the design of current ridesharing applications. For instance, current 
ridesharing applications limit the ability of people to share their constraints or choose other 
forms of ridesharing rather than sharing empty seats. We present a series of design implications 
and understandings to bridge the gaps such as applying free-form messaging to allow people to 
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express their constraints regarding a ride. The conclusion of this research is that designers of 
ubiquitous applications need to design new technology in order to fill the gaps that current 
technologies cannot support in a daily activity. Designers also need to think about how to 
integrate the newly designed technology with current mundane technologies in order for them to 
work effectively together.  
5.2 BACKGROUND 
Computing is now ubiquitous.. However, there is an enormous gap between the dream of 
comfortable, informed and effortless living and the accomplishments of ubiquitous computing 
(Rogers, 2006). Technologists have underestimated the social and contextual complexity of the 
world. Deterministic approaches fall short because predicting all possible situations is difficult if 
not impossible (Dourish, 2004). Furthermore, in ubiquitous computing research, people are 
mostly passively involved in the design research that is carried out to understand their 
interactions, while people create the circumstances, context and consequence of the technology 
use (Dourish, 2006). The passive participation of prospective users raises the issue of how well 
the real social or personal concerns are being considered in the design phase. Therefore, human-
computer interaction researchers have attempted to put human values centre-stage in order to 
capture personal and social issues in the design of technology (Rogers, 2009). Similarly, this 
research takes a series of human-centred approaches to construct the users’ situations, understand 
their messiness and identify human values in ridesharing. 
The first step to understanding human concerns and designing ways to address them is the 
understanding or construction of the situation as the core of design (Harrison, et al., 2007). In the 
era of ubiquitous computing, participatory design needs to find alternative forms of participation 
(Brereton & Buur, 2008b). In this case the adopted approaches should be able to study people 
while they are mobile. Previous research has been conducted to study mobility or actions on the 
move (Dourish, et al., 2010; Kankainen & Oulasvirta, 2003; Oulasvirta, 2004), mostly utilising 
methods involving researchers shadowing participants in field trials. These techniques have the 
general disadvantage of requiring significant investments of time and resources in order to 
understand human behaviours (Carter & Mankoff, 2005). Thus, the present research took a 
mixed method of mobile diaries and participatory analysis to reduce the burden of shadowing 
participants while they are mobile.  
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5.3 METHOD 
This study consisted of two mobile diary studies to gather information about people’s 
everyday travel habits followed by two collaborative workshops, in which participants 
collectively analysed the mobile diary data. The mobile diary (Hagen, et al., 2007) is useful to 
collect in-situ data from participants remotely, and the participatory analysis approach is 
beneficial to obtain participants’ feedback on their travel activities. The detail of the adopted 
techniques is explained in the remainder of this section. 
5.3.1 Mobile Diary 
Using field observation approaches in daily travel is difficult since people are mobile and 
observing them while on the move is not possible all the time. Therefore, a mobile diary as a 
self-reporting approach in-situ was used to report daily travel actions. In a mobile diary study, 
participants are able to document their experiences remotely, using functions native to mobile 
devices such as text and image, and upload this information in-situ (Hagen, et al., 2007) which 
provides an opportunity for researchers to capture in-situ examples. Having videos or photos 
taken in the moment provides resources for researchers that are similar to what they seek in 
observations, and attached messages can explain what the participants thought in the moment. 
Researchers have used travel diaries to examine travel habits (Axup & Viller, 2005). The 
travel diary approach was also used as a means to collect quantitative feedback such as 
destination, time and reason for travel (Rose & Ampt, 2001) in order to find ways to reduce the 
number of cars on the road. In this research, we conducted the mobile diary study to understand 
the ridesharing activity in the broader context of daily travels in order to identify the role of 
current technologies in the ridesharing activities and the gaps that needed to be filled by a new 
technology. 
The normal number of participants in a mobile diary study is four to six (Hagen, et al., 
2007; Patton, 2000). In this research, ten participants were selected with a range of ages, both 
sexes and multiple modes of primary transportation such as their own car, bus and bike, and with 
varied experiences of working with flexible hours and fixed hours. The demographic population 
included participants with big families, single participants or partner-only families. The aim was 
to select diverse participants in order to cover different travelling behaviours. While we 
recognise that this group of participants is not necessarily representative of the broader 
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population, this is a significant group in the population who are conversant with technology and 
therefore serves as a useful initial group from which to derive preliminary understandings. 
We asked the participants to record their daily travel using their mobile devices at least for 
two weeks in order to capture different activities and not making it a burden by asking them to 
keep their diaries for too long. During the two rounds of studies, 161 diaries were collected from 
the participants. The diaries included photos and annotations because, as Carter et al. (2005) 
discussed, people recall details better when they use photos and similar objects have vastly 
different meanings for participants. Three different types of diaries were collected: 
 Daily travel diaries which included the whole travel story in one message.  
 Partial travel diaries which included a part of the participant’s daily travel such as 
going to work.  
 In-situ travel diaries which included an activity that took place while travelling. 
5.3.2 Participatory Analysis 
The collected diaries were then analysed collaboratively with the participants in order to 
discover the difficulties that hinder people from sharing their rides or travel with others, such as 
dynamic changes in plans. By using participatory analysis techniques, we aimed at increasing 
user participation from the earliest stages of the requirement analysis (George Chin, et al., 1997).  
The analysis approach is built on the philosophy of participatory design, involving 
participants in the design process, co-design, and mutual learning of researchers and participants 
(Sanders, 2002). In the analysis activities, we changed the passive role of participants in data 
gathering (George Chin, et al., 1997) to make them investigators or analysers. The experience of 
involving participants in the requirement analysis demonstrated how new features and practices 
are uncovered in the same data. Participatory analysis stimulated discussions among the 
participants; this caused the disclosure of hidden aspects of ridesharing in real life. For example, 
the following diary entry led to the disclosure of more information from the participant in the 
analysis and caused more discussion which gave researchers more ideas for the design: 
Diary  
“We went climbing at Glasshouse Mountains, two cars and 10 people. Gympie Road was 
full as always.” 
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Explanation 
P2: for example for the climbing trips we have. People know each other you phone that 
you wanna go somewhere and then you have to drive to west end and you have to drive to 
Paddington and then you have to somewhere else and then you have to drive to high way 
and go out and it’s annoying. 
Discussion (Pains and Ideas) 
P2: the other annoying thing is that if you are driver you need to pick everyone up and 
you have to bring everyone home. 
P3: I think if people agree to meet in one point perhaps within a kilometre walk if it’s 
possible  
Facilitator: would it be working in your experience? 
P2: It really depends on the gear that they carry. 
P1: you have to share the driving. Like we go with one car to save petrol I drive some 
weeks and he drives some weeks and we pick others because everyone has gear. But we 
share the driving so that you don’t feel like the workhorse. 
The explanation in the workshop by the participant disclosed points about the location and 
the way of coordination for ridesharing. The discussion also led to an understanding of other 
possible arrangements depending on different situations such as a one-off ride or commuting 
together.  
Eight participants who actively kept their diaries during the two week period were selected 
for the workshops. We conducted two participatory analysis sessions separately with two groups, 
each with four participants. The detailed activities of the participatory analysis workshops were 
explained in the previous publication (Mirisaee, et al., 2012). 
In summary, the design of the study was based on the notion of engaging participants in a 
ridesharing activity and the analysis of it combined with in-situ data collection around the 
messiness of the ridesharing activity. The participants were actively involved in the analysis to 
unfold the complexities of a non-routine and contextualised daily activity despite the routine 
nature of the work process and this process revealed aspects which have not been seen in current 
ridesharing applications.  
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5.4 RIDESHARING APPLICATIONS 
Transport issues in big cities such as congestion, noise annoyance, pollution and accidents 
(Rienstra, Rietveld, & Verhoef, 1999) become one of the main concerns for governments. 
Building more infrastructure is a costly and time consuming solution (Wessels, Pueboobpaphan, 
Bie, & Arem, 2010) which has led governments to seek options with minimal economic impacts 
for urban transportation (Hartwig & Buchmann, 2007) such as expanding public transportation 
and establishing ridesharing. Ridesharing is an immediate, collaborative, resource effective and 
environmentally-friendly solution (Allen, 2009; Brereton, et al., 2009). Ridesharing happens 
when two or more people use a single vehicle to travel to a common destination (Allen, 2009) 
and its main aim is to increase car occupancy in order to reduce the number of cars travelling on 
urban roads (Morency, 2007). Ridesharing advantages make it a popular option for transport 
strategy managers but, in practice, ridesharing is not very common and popular because barriers 
such as inflexibility, social discomfort and loss of freedom hinder people from using this option 
for their daily travel (Chaube, et al., 1999). Two key points for having a successful ridesharing 
application are establishing communication with potential adopters and providing a pool of 
potential users with sufficient variations in schedule, habit and demographics (Buliung, et al., 
2009). Many ridesharing applications have been developed seeking to achieve these two main 
criteria. Here we discuss the research that has been conducted into the usability and drawbacks of 
ridesharing applications in order to devise ways to improve the design of future ridesharing 
applications. 
The early ridesharing applications were mostly Web-based fixed term applications such as 
BACSCAP, Carpool Zone, eRideShare and Carpoolworld.com that largely focused on searching 
and finding the best match for users using unsophisticated technologies. These systems aren’t 
useful anymore since people’s schedules are more varied and many short trips are done while 
commuting between home and work (Ying, et al., 2008). These websites were not dynamic and 
accessible while mobile. The experience of casual carpooling showed there is greater potential 
for ridesharing if it can be spontaneous and easy to organise (Brereton, et al., 2009).  
The expansion of wireless technology and social networks in mobile devices provided the 
opportunity for developers to develop more spontaneous and dynamic mobile ridesharing 
applications such as eCommuter, Avego, GreenRide and piggyback. These ridesharing 
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applications seek to match people based on specific times and locations which will work for 
regular commuting. However, surveys (Rose & Ampt, 2001) have shown that work journeys are 
only about one-quarter of all travel in most cities, and other journeys such as recreational travels 
are growing very fast. Therefore, there is a need to focus on personal preferences and the details 
of individuals’ daily travel activity to design a technology that covers a broader range of 
travelling and adapts easily to the daily travel activity. 
In summary, the two key challenges for a successful ridesharing program are fostering the 
development of a large and diverse pool of potential users and establishing communication with 
the potential adopters (Buliung, et al., 2010). In order to design a successful application, apart 
from technical issues, researchers need to understand the users’ preferences and concerns in their 
ridesharing activity in relation to daily travels such as why they want to ride, when they want to 
ride, with whom they want to share, the role of technology in this activity and so forth. Current 
ridesharing applications put technology before the human, which causes a drought of 
participants. Understanding the social engagements and messiness of the ridesharing activity by 
putting humans first will help researchers to devise better ways to develop future ridesharing 
applications. The next section describes the messiness and social engagements in ridesharing 
from the participants’ perspectives based on their collaboration in this study. 
5.5 MESSINESS OF RIDESHARING ACTIVITY 
This section demonstrates how a combination of fragmentary data from mobile diary 
studies with participatory analysis reveals the intentions behind the complex travel activities and 
helps researchers to understand different aspects of the messiness in ridesharing. 
5.5.1 Revealing reasons for ridesharing 
Analysis of the diaries showed that common reasons for daily travel could be courier 
sharing, going to exercise, a family gathering, a party/event, shopping, school pickup, 
commuting to work or a meeting. However, a person may arrange his/her travel activity in such a 
way so as to achieve more than one goal such as doing the shopping on the way to work. This is 
known in the transportation literature as trip chaining. From the participants’ point of view, 
travel activities are a part of their daily life and these activities start before the travel itself by 
 Chapter 5: Analysing ridesharing personal and social perspectives 93 
planning and can be changed dynamically in different situations. For example, one participant 
changed the daily travel routine late at night in order to give a lift to her daughter: 
“Confirmed late on Tuesday night that daughter needed a lift to uni by 9am so decided to 
wait to leave at 8.30am instead of 7am (before peak hour) and drop her on the way. 
Husband and I will just work at home till then. My daughter could catch the bus, but we 
were being kind because she is tired :).” 
Participatory analysis of travel diaries showed that the participants normally considered 
various factors in their daily travel such as being on time, costs (fuel/parking), finding a location, 
safety, traffic, living in the outer suburbs, luggage or bulky things and household calendar 
(schedule). These situations commonly changed the planned daily travel. In the following 
example, one participant mentioned that parking costs, multiple tasks to do, and specific timing 
affected her travel decisions: 
“Went to the dentist at 9am at Indroo [Indooroopilly] for an hour then had a reading 
group meeting at 11am at Uni so drove the car cause there wasn’t enough Time to catch 
public transport in by the Time I wait for the bus and walk from the bus to Uni (about 15 
minutes). Parked in short term parking for 2 hours and then drove home as its expensive to 
park for longer and parking is limited. Could usually park at husband’s work for free but 
our other car was in that space on Friday.” 
The next example shows that safety considerations had an impact on a commuting 
decision: 
“I went back from home earlier today, so I did not have to think about the light on my bike 
or [being unsafe] by riding in the dark...” 
These complexities disclosed that making decisions about daily travel is more nuanced 
than simply considering destination and time, which is the dominant paradigm in existing 
ridesharing applications. In addition to that, people may share a ride for reasons other than the 
obvious (e.g., going to an event or commuting). For example, sharing a ride for reasons including 
to be safe late at night or to help with buying items were expressed in these quotes: 
“I was thinking in the same way, like offering to buy milk or something. When you’re 
flexible, you can offer.”  
“I feel more secure go[ing] there with some friends rather than driving there alone.”  
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Other similar examples highlighted the fact that people not only shared their empty car 
seats, but even shared a ride to be safe, or offered to buy things for others in physical proximity 
while they were doing their own shopping. These new types of ridesharing expand the scope of 
ridesharing from sharing empty car seats to sharing travel in other formats to avoid unnecessary 
travel. 
5.5.2 Coordinating a ride 
Deciding to share a ride with someone, whether a stranger or someone close, depends on 
the context of a ride, as expressed in this diary extract: 
“For events, that are more likely to be a one off [thing], sharing with strangers who have 
the same interests with you is fine. Whereas this one, going to work with someone, you 
actually want an arrangement where you know the person just to be punctual each time.”  
In relation to sharing a ride for an event, the participants did not mind sharing with 
strangers as long as the safety of the ride was ensured. Coordination for sharing a ride was also 
very dependent on the person with whom the participant shared the ride and the type of activity 
that they were undertaking. For example, participants mentioned that they were more flexible 
with times, the route and driving when they were going to an event or sharing a ride with a 
friend.  
Having a more direct personal contact is very important when coordinating a ride. Even 
when people feel confident about travelling to an activity, they need the personal assurance of 
others confirming that they will go. On this point, one of the participants said:  
“Invite a bunch of people on Facebook and a bunch of people just say, accept and they 
don’t come, that’s just sort of step back almost. If I was organizing a ride, I just called 
them up and that way you‘ve actually spoken to them in person and you’re very sure that 
they would come.” Concerning coordinating a ride, another participant stated: “SMS is 
alright, for me, I prefer human contact before confirming, rather than just clicking a 
button”.  
Coordination is the most complex part of sharing a ride since riders negotiate about the 
time and meeting point to come up with an agreement; however, current ridesharing applications 
ignore the negotiation part and force people to nominate an exact time and location for the travel 
in order to be matched with other potential riders. To establish a human contact for confirming a 
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ride, the participants in this study used various communication channels such as email, SMS and 
phone calls. The variety of communication channels used for organising a ride highlights the 
need for ridesharing applications to streamline the communication by interconnecting with 
common communication channels in use.  
5.5.3 Summary 
Analysis of the diaries and workshops disclosed various aspects of messiness in 
ridesharing activities that emphasised the gaps in current ridesharing applications. The 
complexity of daily travel and the constraints in engaging with it revealed that the fixed pattern 
of origin, destination and time is not going to work for all types of ridesharing. Therefore, 
ridesharing applications need to look for ways to allow people to express the constraints or 
complexities in their daily travel activity and to engage with their friends and co-riders. Analysis 
of the various motivations for ridesharing rather than sharing empty seats showed that 
ridesharing applications needed to expand their sharing opportunities to include other forms of 
travel sharing such as buying items for neighbours or meeting requests on the way.  
Deciding to share with someone depended on whether the participants knew them or 
trusted them. The decision also depended on the context of travel and the possibility of making a 
human contact to organise the ride. People need to express their constraints and communicate 
about them with other riders. Negotiation is not carefully considered in current ridesharing 
applications as these applications focus on matching based on origin-destination and time only. 
Therefore, participants needed to make contact using a common means of communicating such 
as SMS or phone calls to confirm the details of the ride. Understanding the intentions and 
messiness of the activity is vital in order to identify the gaps that current dynamic applications 
cannot fill to support the ridesharing activity. 
5.6 SERVICE DESIGN FOR RIDESHARING 
The collaborative analysis involving the participants identified that the main factors in 
deciding to share a ride were motivation for the ride and whether they knew the other party. 
These two factors were extracted in a series of thinking, feeling and doing activities that formed 
the experience map for the service design. The thinking and feelings sections provided a corpus 
of ancillary data for the technology design, as summarised in Table 4.1. The data is collated in 
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five categories, namely, planning, seeking/offering, coordinating/matching, sharing, and after a 
ride. The activities in the planning, seeking/offering and coordinating/matching categories 
happen mostly concurrently before the actual ride and include a series of thoughts and feelings 
that affect the ridesharing decision. The sharing and after a ride categories disclose the thoughts 
and feelings that people have regarding the use of technology during an actual ride and its role in 
supporting them during a ride. 
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Table 4.1: Participants’ thinking and feeling about ridesharing disclose the messiness of the ridesharing activity.  
These thoughts and feelings are extracted from the discussions among participants about different aspects of ridesharing activity such as sharing a ride with a 
friend or a stranger or sharing a ride for commuting and so forth. Letters in brackets show the origin of thought in the discussion.   
Thinking
Planning Seeking/offering	a	ride Coordinating/matching	 Sharing After	a	ride
What are the pros and cons of 
different transport mode? (g) 
What do I need to carry? (e) 
Am I flexible enough in time and 
route?(s,e) 
Is it cheaper to share a ride?(c) 
Do I need to pay for parking?(c) 
How is the weather? (g) 
Should I go with a friend since I 
don’t know how to go there by bus? 
(f) 
Can I ask my friend to carry/buy 
things? (f) 
Should I share a ride with a friend to 
talk? (f) 
How much flexible am I? 
Who do I trust? (s) 
Who to share with? (s) 
Can I trust an application? (s) 
What are the commitments?  
How can I highlight the 
important things? (d) 
How can I negotiate my 
flexibility for the ride? (d) 
Should I share it in social 
media/event page? (f) 
Can I share a ride with co-
workers or share the company 
car?(c) 
Can I confirm via 
phone/SMS? (d) 
Can I spend the whole event 
with him/her?(e) 
Can I ask for the money?(s) 
Can I search based on 
route/time? (e, c) 
Can I search based on my 
interest/ events?(e) 
How to share the driving? (f) 
When and how do you 
go?(f) 
Any seats available for 
me?(f) 
Can we go by bus?(f) 
Is this updating the 
location correctly? 
Is it informing the 
changes to other 
parties?(d) 
When do we meet? 
(f) 
Do I earn any point for 
ridesharing (c)? 
Do I need to write a 
comment for him? (s) 
How can I send the photo to 
him/her? (f) 
How can I see his/her future 
rides? (s) 
Do I need to send a thanks 
note for the ride?(s) 
Feeling 
Bikes give me freedom (g) 
Today is rainy need to use a car (g) 
Good to go with someone to not be 
alone (s) 
I miss my freedom if I follow the 
group (f) 
Complexities of travel is less 
annoying (f) 
I have to be on time if we’re going 
by bus (c) 
Flexible enough to share a ride 
with my friend (f) 
I like him, he’s close and I can 
share the driving to commute.(c) 
We’re going to the same event 
so I can trust them (s) 
Complexity of coordinating 
is less annoying when 
they’re your family (f) 
 
Frustrated of using 
the location finder I 
have to call and get 
route from friends (f) 
I am in traffic I have 
to send a SMS to X 
(d) 
I like him/her and I want to 
spend the whole event with 
him/her(e) 
 
 Ridesharing with someone you know/ Friends (f) 
 Ridesharing with a stranger (s) 
 Ridesharing for an event (e) 
 Ridesharing for commuting ( c ) 
 Design Idea for ridesharing app (d) 
 General comment about ridesharing (g) 
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5.6.1 Current service design for ridesharing (serious commitments) 
Current ridesharing has been designed mostly for commuting such as the service design 
illustrated in Figure 4.1. This service is suitable for one-quarter of daily travels (Heinrich, 2010), 
namely, the travels to which people are seriously committed such as commuting to work or 
school. 
For commuting, a ridesharing application can support different parts of the activity such as 
sharing, coordinating and supporting during the ride (highlighted with purple colour background 
in Figure 4.1). The application finds the possible rides according to the inserted information and 
people could select one of the rides and send a confirmation to the other party. Existing 
ridesharing applications allow users to message other party after confirming a ride, while the 
participants in this study preferred to have human contact before confirming a ride to negotiate 
about the ride. These applications also take flexibility away from users by enforcing them to be 
at the meeting point at the right time.  
Apart from commuting, the rest of travel sharing happens in a more flexible, negotiable 
environment with someone that a person knows. The new trend of designing for ridesharing 
should seek ways to grow participation for these types of travels. In the remainder of this section, 
the details of designing a service for sharing non-commuting rides are discussed. 
5.6.2 New service design for ridesharing (non-commuting purposes with flexibility) 
Analysis of the travel diaries identified that planning, sharing and coordination always 
happened in-situ, arose from negotiation and changed dynamically to suit everyone. Technology 
is in the background and social activities are in the foreground of the activity. The social 
activities for ridesharing can be divided in two main categories: planning and coordinating the 
ride, and during the ride as illustrated in Figure 4.2.  
Planning, offering and matching 
Planning, offering and matching occurred in an ad-hoc manner in ridesharing for non-
commuting purposes; for example, going to a party with friends. The participatory analysis 
workshops identified that the participants showed more flexibility when they coordinated a trip 
with someone they knew and they may change their plans in order to ride with a friend. Trust is 
not an issue in ad-hoc ridesharing since the conversation and sharing is happening in a safe and 
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friendly environment. There were many examples of sharing among friends such as this extract 
from a diary:  
“My daughter was going to catch a bus home from uni, but ended up grabbing a lift off her 
friend, and we would have also been happy to call by and get her, however it’s hard to get 
to uni at 6pm as the traffic leaving the city is so bad at about 5.30pm that we’d have to 
leave earlier to avoid getting stuck in it.” 
However, sometimes people will trust strangers according to the context and situation:  
“No taxis and raining, so I was about to call a taxi when this security guard walked past, 
said he’d just finished a shift at the Pig n Whistle (just around the corner) and asked where 
we were going. He said he was driving to South Road (Gordon Road is in similar 
direction), so he said he’d give us a lift. Thus, that was the random act of kindness.” 
 
Participatory analysis showed that there is not any explicit border between planning, 
offering and matching in a ridesharing activity especially for non-commuting purposes. This is 
demonstrated in the following quote from one of the participants: “We shared a cab late night 
with our daughter even it wasn’t planned before.” 
Sharing during and after a ride 
Smartphones can help the passenger and the driver in a ride to communicate easily using 
short messages or phone calls or to inform each other about unforeseen changes. The use of 
smartphones can support them to find a route, or find out about the current traffic and estimated 
time of arrival in real time and can remind them about the meeting points and times.  
The participants mentioned that a ridesharing experience may continue after the ride by 
sending courtesy messages or sharing photos. This is part of the ridesharing activity that might 
not be supported by current dynamic ridesharing applications but has an important role in 
connecting people and consequently resulting in another ridesharing exchange.  
In summary, the experience maps led to a series of thinking and feeling statements that 
normally pass through riders’ minds while they want to share a ride with others which have not 
been considered in the current design of ridesharing applications. These feelings and thoughts 
make the ridesharing messy. The participants handled this messiness using current applications 
on their mobile devices; however, a few gaps have been identified such as not having an 
application that they could use to share their thoughts and feelings about a ride with people they 
knew, or not being able to know about who was riding in their physical proximity. The 
participants did not ask for better matching but asked for better support of the gaps. Designers 
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need to identify the current role of technologies and applications in this messy activity and 
investigate how to fill the gaps by designing new applications. The next section presents more 
analysis of the role of current technology in ridesharing and how a new technology can fill a gap 
that current applications cannot support.  
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Figure 4.1: Ridesharing application design for commuting purposes. Most of the time organising includes these distinct phases. 
Figure 4.2: Ridesharing application design – non-commuting purposes. In this type of ridesharing, people normally do the planning, seeking or offering and 
coordinating activities in ad-hoc manner with people they know via phone, messaging or face-to-face. Therefore, there is no specific border between these 
activities. 
Planning 
 
Coordinating/ 
Matching 
Seek/Offer 
Sharing 
After the ride 
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5.7 ROLE OF CURRENT AND NEW APPLICATIONS TO SUPPORT THE 
RIDESHARING ACTIVITY 
For designing a mobile application for ridesharing, the current role of technology in 
sharing and arranging a ride in real life should be investigated. For example, one participant in 
the second workshop stated that,  
“email and Facebook is very good to announce [a ride], but for the more serious plan, I 
usually use SMS or phone”.  
5.7.1 Expressing motivations and negotiation for coordination 
The participants identified different motivations for sharing a ride, such as being safe or 
reducing travels by buying groceries for a neighbour. Current ridesharing applications are 
designed to share empty seats and do not consider the sharing of other forms of travel.  
The participants emphasised that negotiation and human contacts play an important role 
in sharing and coordinating a ride. For example, one participant mentioned that she 
communicated with her friends during travel to get directions that are more comprehensive 
even though she had access to GPS for accomplishing her travel. In a survey by Heinrich 
(2010), people often cited inflexibility as one of the reasons for not sharing a ride. Current 
ridesharing applications use a fixed pattern of origin, destination and time that does not allow 
users to highlight the important aspects in a travel sharing arrangement or to emphasise their 
flexibility in their daily travel. The participants discussed the current limitation of the fixed 
pattern and proposed design ideas to allow people to express their constraints in their daily 
travel. They also offered the suggestion of streamlining communication by interconnecting the 
application with communication channels such as SMS on mobile devices and allowing people 
to access all the information in one place:  
“It’s good if it’s all in the one spot. If you can see who’s going where and when, click on 
that and be on the phone and say, I’ve seen your add on the community/ workplace 
website.” 
Future ridesharing applications need to be connected with mundane technologies on 
mobile devices in order to support negotiation. These applications also need to support 
mechanisms such as free form messaging that allow people to express their constraints. Finally, 
designers need to combine and present the social and sensed information such as location in 
one place in order to streamline the communication. 
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5.7.2 Raising awareness to promote ridesharing 
Ad-hoc ridesharing works very well in tight schedules from the participants’ points of 
view. For example, in a tight schedule, the participants looked for ways to avoid unreliable 
public transport. Therefore, knowing who is going where and when would help participants to 
share a ride rather than making them bound to unreliable public transport schedules:  
“For me, if it’s a tight schedule, that’s where ridesharing is something which I’d like to 
see a list of who is going to where and when, but ultimately I’d like to make my own plan. 
So if it works out, it’s lovely, but if it doesn’t, then it doesn’t matter.”  
These discussions and similar ones brought about ideas on semi-invited ridesharing to 
promote ridesharing and handle a tight schedule, such as a live feed of the ad-hoc travel 
activities of friends or workmates:  
“I think something where people who are willing to have company on their rides, 
something like agile ridesharing where it gets a long feed of like A’s leaving at this time 
and people know that I ride to Gxxxxe and you know B is leaving at this time and always 
I can go and ask. If you want company, just meet someone at the door, or if you don’t like 
company you just don’t broadcast.” 
The scope of ad-hoc ridesharing could go beyond sharing rides with someone known to 
the user if the security and privacy factors were satisfied; for example, ad-hoc ridesharing could 
include sharing a taxi from the airport to the city. Here is a sample of conversations between 
participants in the first workshop: 
P1: “Queue for taxis at Melbourne airport. Almost everyone is going the same way. 
Obvious need for rideshare.” 
P2: “Captive audience everyone was standing for taxi. We need an icebreaker to 
rideshare.” 
Similar discussions happened about sharing rides with workmates where all employees 
are leaving from the same place and mostly taking the same route. The key finding here is that 
sometimes, even though all the factors for a ridesharing activity are satisfied, such as being safe 
by sharing a cab, going the same route and needing to be at the same place on time, an 
icebreaker or an extroverted personality is needed to trigger the activity. The question here is 
what the role of technology will be in motivating people to share their rides. For instance 
having a noticeboard, which display routes or ride requests next to the cab line or next to the 
exit door in an office may be valuable to increase awareness among potential riders. However 
increasing awareness is not sufficient to grow participation if it is not supported with other 
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incentives. Previous research recommended incentives such as time saving and cost saving to 
populate for ridesharing systems (Heinrich, 2010). These incentives are not very effective in 
societies that people prefer the convenience of travelling with private cars and can afford to pay 
the cost of travelling with private cars (Abrahamse & Keall, 2012; Abrahamse, et al., 2009). 
Therefore, future design of ridesharing applications for these populations should consider other 
motives such as socialising among colleagues or doing a favour for people that they know as 
incentives for sharing rides. 
In summary, in order to support the ridesharing activity for purposes other than 
commuting, the design focus should not only be on stronger matching or better search 
techniques, but also on other aspects of ridesharing activity, such as:  
 Allowing users to share other forms of travel sharing such as courier sharing 
 Devising ways for users to emphasise important aspects or express flexibility in their 
daily travel such as using free-form messaging 
 Seeking ways to interconnect the application with current technologies on mobile 
devices and integrating ride information in one place in order to streamline 
communication for ridesharing  
 Raising awareness about ridesharing among people who know each other in physical 
proximity and allow them to share their incentives for a ride in order to increase the 
ridesharing opportunities. 
 Encouraging of social sharing of travel, meeting and event plans through informal 
channels.  
5.8 DISCUSSION AND CONCLUSION 
Human-centred approaches aim to overcome the tension of relating the understanding of 
current practices to future inventions, which can be understood as the tension between “what 
is” and “what could be” (Steen, 2011). To cope with these tensions, this research took a mobile 
diary study approach followed by participatory analysis workshops in order to understand the 
gaps in the design of current ridesharing applications and propose a series of design 
implications to fill these gaps in future ridesharing applications.  
The analysis showed that daily travel is more complicated than just considering the start 
and end time. Participatory analysis of the travel diaries showed that the participants normally 
considered a variety of factors in their daily travel, such as being on time, costs (fuel/parking), 
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finding locations, safety, traffic, luggage or bulky things and the household calendar (schedule). 
These situations commonly changed the planned daily travel. In the discussions about the 
design approach, the participants expressed their expectation that the ridesharing application 
should be flexible enough to allow users to share a fragment of these emerging changes and 
simple enough for users to express the constraints comprehensively to their friends.  
Investigating the complexity of travels, previous research (Ampt, 2001; Rose & Ampt, 
2001) showed that people were changing their travel behaviour in order to accomplish more 
tasks in one travel experience. For example, a travel from work to home may cover other 
activities such as shopping for groceries. Participants mentioned that they do not mind doing a 
favour for a neighbour and picking up an item for her from the grocery shop while they are 
doing their own grocery shopping. As a result, a ridesharing application could attract more 
participants by expanding opportunities for sharing transport such as allowing people to seek or 
offer a courier sharing. 
Commuting is the basis of designing most ridesharing applications (involving a fixed 
route and exact time), and this type of travel formed 15% of the travel undertaken by the 
participants in this study. The remainder of the daily travels were non-commuting rides shared 
or were coordinated using common applications on a mobile device such as messaging, email, 
phone calls or Facebook. Therefore, an application needs to be interconnected with mundane 
communication channels. People use these channels because they offer various means to satisfy 
intimacy by allowing them to communicate about matters other than ridesharing but that 
surround ridesharing. 
Ridesharing in strong communities mitigates people’s concerns about the ridesharing 
activity such as safety, trust and social discomfort. Previous research (Morency, 2007) revealed 
that approximately 70% of all trips made by car passengers were the result of intra-household 
ridesharing. The possibility of experiencing successful ridesharing is promoting this pattern of 
sharing to a broader trusted community such as work communities or local communities with a 
strong collective identity. The role of technology in this type of ridesharing could be more 
informative such as broadcasting a live feed in a working area in order to increase awareness 
about interested people in physical proximity since increasing awareness increases the 
ridesharing opportunities (Buliung, et al., 2009). 
By considering human values, the design goals become very different compared with 
seeking to attain efficiency, effectiveness and utility (Brereton, et al., 2009; Rogers, 2009). 
Design trade-offs need to be considered in terms of personal and social preferences in using a 
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ubiquitous application instead of considering time and errors (Rogers, 2009). Involving 
prospective users in the design from the very early stages provides the opportunity for 
designers to understand the particularities of social engagements and personal preferences in 
the use of a ubiquitous mobile application. Collaborative analysis with participants also helps to 
unfold the complexities and messiness of a non-routine and contextualised activity which in 
turn discloses new design principles for this activity.  
Consequently, ridesharing as a sample of a messy daily activity shows that designers of 
ubiquitous applications need to design new technology in order to fill the gaps that current 
technologies cannot support in a daily activity. Designers also need to think about how to 
integrate the newly designed technology with current mundane technologies in order for these 
technologies to work effectively together.  
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Chapter 6: Reconciling Social and Technical 
Issues in the Design of a 
Ridesharing Application: Using 
Participatory Approaches 
PREAMBLE 
Mirisaee, Seyed Hadi, Brereton, Margot, & Roe, Paul, Reconciling Social and Technical 
Issues in the Design of a Ridesharing Application: Using Participatory Approaches 
(forthcoming). 
After identifying the complexity of daily travels including dynamic changes, the variety 
of activities undertaken during the day and the importance of negotiation in organizing a ride in 
Chapter five, this chapter reports on the design of a mobile social application that aims to 
support dynamic changes and social aspects in ridesharing. The design activities undertaken 
aimed to find ways to make an the application that fit with participants’ ridesharing practice in 
their daily travels to satisfy Objectives 1.2 and 1.3. The main social aspects, concluded from 
the previous participatory analysis discussed in chapter five, were: 
o Flexibility for sharing and negotiating a ride;  
o Sharing rides within trusted networks beyond the application;  
o Ability to control trust and security for a ride.  
This research involved participants’ actively in a series of iterative participatory 
development activities in order to establish how design ideas can be transformed into features 
of a mobile social application to enhance ridesharing in daily travel. The iterative participatory 
developments workshops described in this study were inspired by the Reflective Agile Iterative 
Development method of Heyer and Brereton (2008). Workshops conducted in this research 
were followed by lab-based interviews to validate the features implemented in the ridesharing 
application. The development was agile, involving several iterations of workshops followed by 
app development and evaluation in lab-based interviews.  
Involving participants in the early stages of development provided useful principles for 
design. Collaborative development with participants identified ways to reduce the configuration 
barriers for privacy while keeping people in control of their own privacy. Involving participants 
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also helped to validate technology decisions for instance identifying the role of social plugins in 
growing participation for ridesharing which shed lights on new ways of supporting ridesharing 
in social networking websites explained in chapter seven.  Subsequently, by involving 
participants we identified that learning from existing collective practices in social communities 
[e.g. Facebook, Twitter] and supporting them through computing would allow users to follow 
their habits of sharing in social communities while sharing ride messages. For example, the 
mobile social application computed content next to common symbols in ride messages [e.g. @ 
or #]. 
This paper established that the involvement of participants in the early stages of 
application development provides practical principles for design, supporting social use, and 
bridging the socio-technical gap of a mobile social application. This reduces the risk of failure 
outside the lab.  
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ABSTRACT  
This paper discusses the social-technical challenges associated with designing a mobile 
social application to support a ridesharing activity.  Although many applications have been 
designed to support ridesharing, our prior investigation found that the richness and diversity of 
daily travels are beyond the structured pattern of origin, destination and time that forms the 
basis for many ridesharing support attempts. This research investigates how design ideas can be 
transformed to application features by involving participants in a series of iterative 
participatory development workshops. The implemented features born out of this process were 
then validated in a series of lab-based interviews. This paper focuses on three main social 
aspects of ridesharing that include a) flexibility for sharing and negotiating a ride, b) sharing 
rides within trusted networks beyond the application and c) the ability to control privacy and 
security for a ride. One of the main findings of this paper was that involving participants in the 
early stages of development helps to identify and validate critical technology decisions, for 
instance identifying the role of social networking plugins in growing participation for 
ridesharing.  The other main finding was identifying ways to use common collective practices 
as a means to empower computing of social context. Finally, this paper identifies that design 
for mobile social applications needs to move towards more informative policies and designs 
that keep people in control of their privacy while reducing the barriers to configuration. 
6.1 INTRODUCTION 
The expansion of mobile devices and social networks such as Facebook and Twitter has 
increased the use of supportive ubiquitous applications beyond recommender or notification 
systems. People can now share their location with contacts in their social networks while 
expressing their thoughts and feelings.  This new form of information sharing has put more 
flexibility, expressiveness and control into the user’s hands (Stromberg, Pirttila, & Ikonen, 
2004). However, design aiming to enhance flexibility and expressiveness in mobile 
applications – particularly the applications that support a highly socialised and contextualised 
daily activity – faces a socio-technical gap namely: “the divide between what we know we 
must support socially and what we can support technically” (Ackerman, 2000, p. 179). The 
socio-technical gap occurs when users are considered as passive recipients of predefined 
technology. By focusing on the socio-technical gap, it may be possible to solve the lack of 
computational support for sharing social information and make the management of private 
information easier for users (Ackerman, 2000). Previous research in ubiquitous computing 
 114Chapter 6: Reconciling Social and Technical Issues in the Design of a Ridesharing Application: Using Participatory 
Approaches 
investigated these problems mostly from a system-centred point of view. The research 
presented in this paper aims to investigate the socio-technical gap from the human-centred 
point of view by actively involving participants in the early stages of developing a mobile 
social application. This research proposes a series of design understandings for transforming 
people’s social needs in a daily activity into application features, while considering the criterion 
of easy adaption to the application. 
 This research uses ridesharing as a case study. Ridesharing is the sharing of two or more 
trips simultaneously in a single vehicle (Morency, 2007). The ridesharing activity is highly 
socialised, requiring significant negotiation, micro-coordination and cooperation in order to 
successfully arrange a ride. The close sharing of physical space, time in transit and the required 
coordination efforts makes ridesharing a suitable demonstration of the need to address both the 
physical and social challenges of design in ubiquitous computing.  
Most ad-hoc ridesharing applications match riders in real time according to their location 
and make the match close to the departure time (http://www.dynamicridesharing.org/). These 
applications focus on the scheduling aspects of ridesharing so that riders are matched based on 
their location and time of travel. Human needs such as trust, privacy, bodily security, social 
comfort and coordination are relegated to secondary factors. These types of systems attract low 
levels of patronage. In the development of a mobile social application for ridesharing, bridging 
the socio-technical gap is necessary in order to support human needs such as flexibility in 
expression of ride requirements and the ability to negotiate the details of a ride with other 
riders. Users also wish to be able to share these constraints with someone who they trust. From 
the findings, we identified three social aspects of ridesharing that must be supported: 
1. Flexibility in sharing and negotiating a ride  
2. Sharing rides within trusted networks beyond the application  
3. Ability to control privacy and security for a ride.  
In the early stages of design, a series of iterative participatory development (IPD) and 
lab-based interviews were conducted with participants in order to explore the social aspects of 
ridesharing and how to foster them in a ridesharing application. The findings from these 
interviews showed that involving participants in the design phase can provide a variety of ideas 
for designers to better support people in their ridesharing activity. In addition, involving 
participants in the early stages of developing a mobile social application made the design ideas 
tangible for the participants and allowed them to elaborate questions and discuss features of the 
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mobile social application collaboratively with the designers. The purpose of this paper is to 
propose a series of design guidelines, which bridge the socio-technical gap in the development 
stage. The design guidelines address the three above-mentioned social aspects by proposing 
ways to: 
 Make the social context computing easier for the application; 
 Interconnect social networking plug-ins effectively with the mobile social application 
for ridesharing; 
 Design policies to reduce the barriers to configurations for privacy while keeping 
people in control. 
6.2 SOCIO-TECHNICAL GAP IN UBIQUITOUS COMPUTING 
The infrastructure of ubiquitous computing is complex and emergent.  It draws together 
many different technologies and platforms, as well as different human aspects such as social 
engagement, office politics and artistic expression (Bell & Dourish, 2007). The mixture of 
technical problems and social components highlights the need to bridge socio-technical gaps in 
the design of a ubiquitous application. Solving the lack of computational support for sharing 
social information, and enabling users to manage private information easily while 
communicating are two specific challenges of designing to bridge the socio-technical gap 
(Ackerman, 2000).  
By understanding the social context and using design methods to support the social 
context I aim to develop an application that fits easily into peoples routines and habits with  
minimal failure.. Negotiations that emerge during the activity that are part of a digital record 
become part of the representational context (Dourish, 2004). Many researchers have discussed 
the necessity of considering social protocols and flexibility as concrete examples of the 
representational context in the design of socio-technical systems (Ackerman, 2000; Dourish, 
2004; Erickson & Kellogg, 2000; Oulasvirta, Tamminen, & Hook, 2005). Different methods 
have been applied to enable content to be computed in order to support communication and 
present a better service to users. For example, the intentional enrichment service designed by 
Rittenbruch, Viller, and Mansfield (2007) aimed to enable a user to present social activities 
meaningfully to others by allowing the user to add symbols next to important content in their 
messages. While this approach helped the system to compute social content easily, it required 
users to change their behaviour and habit of use, resulting in extra effort. In this paper, we 
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sought ways to learn from user habits and to apply these lessons in computing the social 
content in order to minimise the user effort needed to enrich content. 
The other consideration in designing for socio-technical systems is to protect people’s 
privacy dynamically while using a socio-technical application. Previous research into 
protecting privacy in ubiquitous computing (Høgh, Kjeldskov, Skov, & Stage, 2013; Toch et 
al., 2010) has focused mostly on automating privacy protection using implicit configuration 
policies to reduce the burden of configuration. However, other research suggests that 
automating privacy protection is not always the best approach, especially in the social 
environment where settings are changing dynamically (Vihavainen, Oulasvirta, & Sarvas, 
2009). All information practices, however,  cannot be separated from privacy, risk, security, 
morality and power (Dourish & Anderson, 2006). In social environments, privacy and security 
are enacted as collective information practices rather than as a series of rational or technical 
decisions (Dourish & Anderson, 2006), emphasising the need to involve people when designing 
privacy for a social application.  
 In summary, despite the availability of strong design guidelines for what should be 
considered in order to support socio-technical issues for a ubiquitous application, there is still 
the challenge of converting these guidelines into application features (Ackerman, 2000). To 
tackle this challenge, researchers have taken a series of human-computer interactions 
approaches such as user-centred design (Oulasvirta, 2004; Paay, Kjeldskov, Howard, & Dave, 
2009) and ethnography (Tamminen, Oulasvirta, Toiskallio, & Kankainen, 2004) involving 
people from the early stages of the design. These methods are great for understanding use and 
context, however they do not guarantee meaningful integration of users throughout the design 
process. (Brereton & Buur, 2008b) suggest that researchers need to seek more iterative, 
experimental design explorations in order to gain the necessary understanding of today’s 
complex contexts and practices. A useful starting point for this is employing a series of 
participatory development activities to study design from a human perspective (Brereton & 
Buur, 2008b). This has been seen as promising approach to supporting the social aspects in 
application development (Tang, Yu, Zhou, Wang, & Becker, 2011). Using this approach, it 
may be possible to investigate the key factors in the activity, particularly how people interpret 
these factors in their interactions, so we can better understand how to make the best visual 
representation of these factors. 
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6.3 SOCIAL BARRIERS IN RIDESHARING 
Previous research identified that the main reasons that ridesharing applications are 
unpopular relate to human concerns such as lack of trust, bodily security, social discomfort of 
sharing a ride with a stranger- rather than technical issues such as coordinating a ride (Brereton, 
et al., 2009; Chaube, et al., 1999; Heinrich, 2010; Steger-Vonmetz, 2005).  
Research has shown that people often cited inflexibility as a reason to not carpool. A 
survey in San Francisco Bay (Heinrich, 2010) showed that 71% of commuters had flexible 
schedules (from 15 minutes to unlimited flexibility); however, their commuting was 
complicated because their schedules included other activities such as child pick-up, shopping, 
or going to the gym. The high level of flexibility and complexity of daily travels indicates that 
the lack of negotiation among people or lack of willingness to negotiate with strangers is a key 
obstacle to sharing rides (Chaube, 2010). In addition, there are risks caused by social 
discomfort due to the lack of trust, such as loss of freedom, and a lack of incentives (Chaube, et 
al., 1999; Steger-Vonmetz, 2005) which make ridesharing an unattractive activity. Research 
has been suggested various factors to establish trust in a ridesharing activity such as affinity, 
familiarity, driving skill, social relationship in a social network graph (Chaube, 2010). The next 
section outlines how current ridesharing applications deal with these human-centred barriers 
6.3.1 Overview of dynamic ridesharing applications 
Ubiquitous applications for ridesharing activities such as Carma (https://car.ma/), 
Carticipate (www.carticipate.com ), Piggyback Project and Flinc (https://flinc.org/) mostly 
focus on the scheduling characteristics of ridesharing such as location and time while not 
paying much attention to human needs such as negotiation, trust and social context. These 
applications  have been found to work well for certain types of carpooling, such as casual 
carpooling (Burris & Winn, 2006) in established carpooling corridors such as high occupancy 
vehicle lanes where the risks such as trust are alleviated because of the short distance of travel 
and being accompanied by other passengers during the ride (Allen, 2009). These applications 
become problematic, however, in situations where personal and social risks are the main 
considerations in sharing a ride. Current ridesharing system policies for security and privacy 
concerns are limited to technical methods such as authentication, ignoring real privacy 
concerns from a human point of view such as controlling who can see the information.   
To address this gap, this research involved people from the early stages of the design 
process in order to determine what is worth computing and making it available to the 
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ubiquitous application for ridesharing activities from a human point of view. This included 
finding out what people would like to share and understanding how to represent the desired 
information. 
6.4 DYNAMIC PLANNING AND FLEXIBILITY IN DAILY TRAVEL 
Daily travel may include different activities such as shopping or school pickups. People 
may also consider various factors in their daily travel and these factors might change their 
travel plans dynamically. In our previous work, a mobile diary study followed by participatory 
analysis activities were conducted in order to identify the important factors of socialising in a 
ridesharing activity (Mirisaee, et al., 2012). The outcomes from these mobile diaries showed 
that users may arrange their travel activity in ways that enable them to achieve more than one 
purpose such as doing the shopping on the way to work.   
From the participants’ point of view, travel activities are a part of daily life which start 
before the travel planning and can change dynamically in different situations. For example, one 
participant changed her daily travel routine to late at night or early in the morning in order to 
give a lift to her daughter.  Another participant shared a story about dynamic changes in sharing 
a ride:  
It was determined that participants needed an agile ridesharing application which would 
be flexible enough to allow users to share a fragment of these emerging changes, and simple 
enough to control the information so that it was only shared with their friends. It should also be 
smart enough to combine the user’s shared information with the user’s location such as 
showing the user’s location as a dot on the map and saying that the user is leaving her house 
(Mirisaee, Brereton, & Roe, 2011). These findings identified participants’ concerns about 
flexibility, negotiations and information presentation all categorized as social context in a 
ridesharing activity. Participatory development is therefore used as a means to gain insights 
into user practices and to enhance the use of a new mobile social application for ridesharing 
activity.  
6.5 BACKGROUND TO THE RESEARCH 
The mobile social application development in this research builds on an initial 
exploratory prototype application from previous research (Brereton & Ghelawat, 2010; 
Ghelawat, et al., 2010). This ridesharing application was a web-based application compatible 
with only iPhone mobile devices.  
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The first iteration of the mobile social application focused on the idea of flexibility in 
sharing travel using the notion of semi-structured messaging (Malone, Grant, Lai, Rao, & 
Rosenblitt, 1986). Semi-structured messaging provides an aid for composing, prioritising, 
automatically responding and suggesting likely responses to messages (Malone, et al., 1986) in 
computer support. Wash et al. (2005) used the semi-structured messaging approach to enhance 
the flexibility of their ridesharing application. Brereton and Ghelawat (2010) exploratory 
prototype only allowed people to send ride messages and information about seeking and 
offering rides. It was possible either to enter informal ride messages or to enter information into 
defined fields for the origin, destination and journey start time, and information about whether 
a person was seeking or offering a ride. Their goal was to see what people wanted to express in 
the moment of travel and their finding was that free form messaging was much preferred for its 
flexibility of expression. 
The main challenge to enhancing sharing is finding ways to apply computational 
techniques effectively and sensitively giving freedom to users in how they participate in this. . 
Some context-aware applications compute the social context by allowing users to enrich their 
content intentionally. Intentional enrichment refers to the process of enabling users to add 
meaning to their activities or social activities in order to notify others about their activities 
(Rittenbruch, et al., 2007) in context-aware applications. An intentionally enriched feature was 
developed in the ridesharing application in order to provide meaningful content for the system 
by giving participants the ability to use special characters to identify specific information such 
as time using ‘^’, Destination using ‘!’ origin using ‘#’ symbol, and friends using ‘@’ symbol 
in their composed messages (Figure 5.1).  
 
Figure 5.1: Defined symbols for intentional enrichment of a ridesharing message  
The application provided primitive privacy protection allowing participants to control 
who could see their rides. The ridesharing application used email as the mechanism for 
notification.  
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After the first round of testing the mobile application in the present study, another round 
of development was done to fix bugs, expand the functionality to better support socialising 
(including flexibility for sharing and negotiating a ride, improve the ability of controlling 
privacy and improving socialising such as to invite friends or create a group). In the new round 
of development, we also made the interface compatible with all smartphones. This application 
was developed using JQUERY mobile and PHP. Figure 5.2 shows the evolution of “add or 
look for a ride” interface which allowed users to share their rides. The second iteration was 
used in the IPD workshops and lab-based interviews. 
 
Figure 5.2: Evolution of look for/offer a ride interface through which users can submit a ride to share with others 
The newer version of the ridesharing application consisted of four main sections: rides, 
messages, groups and profile. ‘Rides’ includes all of the rides shared either publicly or with 
specific users. Users can also share a ride with others in their ridesharing network within this 
section. ‘Messages’ contains all of the activities relating to messaging which people might use 
for negotiating a ride before accepting a ride or coordinating a ride during the ride. “Groups’ is 
a place that users can manage their groups including joining or unjoining a group, creating a 
new group, inviting friends to the created group and sending a group message to all members of 
a group. ‘People’ is the place that users can manage their social activities such as inviting new 
friends or writing about themselves.  
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An electronic change log was maintained during development to keep a record of when 
bugs were fixed or features were added. The iterative participatory development aimed to 
present a single evolving prototype to smooth over the logistical difficulties of deploying 
successive prototypes such as training and configuration, similar to the RAID three-stage 
method which is a cyclic process of design, feedback and reflection (Heyer & Brereton, 2010). 
RAID is a framework for evolving social software through reflective and timely responses by 
the practitioner (Heyer & Brereton, 2010)  
6.6 METHOD 
In order to bridge the socio-technical gap in the development of a ridesharing application 
a grassroots approach (Brereton & Ghelawat, 2010) was employed to prototype a mobile social 
application that could promote ridesharing in a local area. In this research, a series of 
collaborative activities were carried out with the participants in order to understand how people 
prefer to see information about ridesharing in the application interface.  
1. Two participatory development workshops were conducted to develop appropriate 
features for the mobile social application and obtain users’ design ideas for future 
developments of the application.  
2. Ten individual lab-based interviews were conducted with ten participants. The 
relationship between these approaches was emphasised to complement the 
development process of the application and each is described in turn below.   
6.6.1 Iterative participatory development workshops 
Two iterative participatory development workshops were conducted with twelve 
participants in a lab environment. The first workshop was held with participating university 
students and staff members from various backgrounds -including four women and three men 
aged between 24 and 48 years old- who had been previously engaged in design activities for 
this research. In order to obtain new insights about the software, the second workshop was held 
with four residents of a commuter suburb located 20km south-west of the city. Participants 
included - two women and two men aged between 18 and 34 years old- who had not previously 
been involved in the design activities for this research.  
Workshops commenced with open-ended scenarios, which allowed the participants to 
manipulate the scenario in the activity and enabled them to be creative about negotiations. In 
the first scenario, participants were asked to create a ride by following the scenario and using 
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features in the ride section, negotiating the ride with other riders before accepting a ride using 
the messaging feature in the application. The participants were asked to start enriching their 
messages using the defined symbols in the first scenario (Figure 5.3). For example using ‘!’ for 
origin or using ‘#’ for destination.   
 
 
 
 
 
 
Figure 5.3: Intentional enrichment of a ridesharing message and a response from another participant which shows 
her confusion 
In the second scenario participants were asked to create a new group using ‘groups’ 
section, invite friends to the groups, then create a group ride and negotiate about the ride with 
other group members. The participants in this research played an active role in the scenarios 
using their smartphones.  
Participants gave their feedback for the next development stage, which created a body of 
ancillary data such as design sketches and notes about possible future prototypes. The 
workshops were recorded on video. Users’ interactions with the interface were analysed by 
slicing videos to 2 minutes sections and placing sections in different categories created for 
thematic analysis according to (Lapadat, 2010). Two-minute video segments are used because 
this is a length that is easy to watch, digest and discuss without becoming overwhelmed by the 
overall dataset. The researcher analysed video segments and transcribed participants’ feedback 
was transcribed in order to understand the barriers arising from the developed features and 
formulate ideas to improve them.  
6.6.2 Lab-based interviews 
The purpose of the lab-based interviews was to identify the relevant aspects of human 
behaviours and pinpoint any usability problems. In-situ evaluation is time-consuming, 
expensive and difficult to conduct in a wide range of locations, and the users’ time is valuable 
(Tang, et al., 2011). For these reasons the lab-based interviews were considered the best way of 
testing applications earlier and more easily avoiding the need to scrap a fully articulated design 
outside the lab (Tang, et al., 2011).  
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In our study, we tried to simulate the socialising and negotiating part of the ridesharing 
activity in the lab. We performed a series of tests with participants from different backgrounds 
to reduce the risk of failure before conducting tests outside the lab.  
The participants in the lab-based interviews consisted of university staff members and 
students [including four women and six men aged from 21 to 38 years old] who were familiar 
with the areas of design and development such as visual design, interaction analysis and mobile 
applications in addition to being ordinary users of smartphones.  
The participants were asked to reflect on changes made to the agile ridesharing 
application following the workshops in order to identify whether the social considerations were 
addressed appropriately in the developed application. During the interviews, an open-ended 
scenario was presented to the participants that included registering with the system (if they 
were not already registered), adding a friend to share a ride with, creating and then sharing a 
ride or responding to a specific ride and in some cases, checking the map interface. The 
activities required of participants in the interviews were based on the feedback obtained from 
the two previously conducted workshops. An example of this was how the use of special 
characters ride-share message in order to make the messages computable for the ridesharing 
application confused participants and raised the risk of them no longer using the application 
(Figure 5.3). As a result of this the intentional enrichment practice was stopped in the lab-based 
interviews and participants were allowed to use symbols in their own way in their ride 
messages while they could use the predefined symbols if they were willing to. 
The purpose of the lab-based interviews was to identify the relevant aspects of human 
behaviours and pinpoint any usability problems. The participants’ interactions with the 
interface during the interviews were video-recorded in order to obtain feedback on the newly 
designed features of the application. The key issues facing participants in ridesharing were 
identified from thematic analysis of videotaped segments that were obtained by slicing the 
recorded videos into two minute sections as described previously Feedback from participants 
was transcribed and categorized in different themes in order to improve application features. 
6.7 FINDINGS 
The feedback from the participants is presented in relation to the four areas identified by 
the thematic analysis: 1) presenting social and locational context artfully on the interface, 2) 
sharing and negotiating a ride using free-form messages, 3) sharing beyond the application, and 
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4) dynamic control and sharing.  We focus in particular on how the social considerations were 
transformed into the features developed for the application.   
6.7.1 Presenting Social and Locational Context  
The participants collaborated in the design of the interface by discussing ideas related to 
two main points: 
1. How can much more information be provided on the main page in order to reduce 
navigation? 
2. How can social and location information be combined in an understandable form and 
represented to the participants?  
The participants enquired about being able to see more information on the main page so 
that they could make faster ridesharing decisions with less navigation. Participants in both 
workshops asked to see more rides on the main page with the priority of seeing the most recent 
ones first, to have the ability to refine rides to suit their preferences (using a search bar) on the 
main page, and to have a richer menu on the main page, allowing them to go directly to 
different sections from the main page. Such requests made the designers think about how to 
place all this information inside the limited screen space of a mobile screen. For example, a 
delete icon was developed next to the ride request created after the first IDP workshop and this 
allowed the ride creator to delete the ride directly from the main page. Prior to that, participants 
needed to click three or four times from the main page to the ‘delete rides page’ in order to 
remove one of their rides. The new design reduced it to one click by allowing the participants 
to click on the delete button, which was newly located next to the ride on the main page, as 
shown in Figure 5.4.  
 
Figure 5.4: Relocation of the delete button was an example of reducing the clicks and providing more functionality 
on the main page 
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While using icons is useful for providing information and reducing the number of clicks, 
it poses the risk of making people confused if the icon is not understood. For example, the 
hitchhiking thumbs-up icon for accepting a ride was usually mistaken with the like button of 
Facebook. Participants avoided clicking on the icon because of this misinterpretation: 
 “My first perception is when I look at that icon [thumbs-up icon] is that for example I 
like that message. It doesn’t mean to plan ride with that person. So I think the icon maybe 
you could put car icon something like that.” 
The participants’ comments about the spatial information were mostly about how to 
visualise locations on the map after confirming a ride and how to integrate this with messaging. 
One participant suggested showing the ride on the map after confirming the ride and making it 
interactive for others to see where they are and where the meeting point is. The participants 
also asked if they could have an interactive map interface where they could touch the meeting 
point to write a message and send it to the other party: “I wonder if you could put all those 
negotiations for rides on the map.” Another suggestion was to have a proactive notification 
mechanism based on the location to inform users when the other party reached the meeting 
point: “GPS fires up an automatic SMS when they are near.” In summary, the design approach 
should consider the artful combinations of socio-spatial information in the development of a 
mobile social application for ridesharing. 
6.7.2 Sharing and negotiating a ride using free-form messages 
Examples from the experimental activities with the exploratory ridesharing mobile 
application in the workshops showed that the participants used the messaging section by 
entering information into the origin and destination fields as well as the text box for further 
explanation of the travel circumstances or en-route locations where they could pick somebody 
up. Figure 5.5 is a screenshot of a message written by a participant who used the application to 
find a ride. 
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Figure 5.5: Screenshot of semi-structured messaging to share a ride 
The participants appreciated the presence of the added text box that allowed them to 
describe the circumstances and complexity of the ride. For example, Participant K stated: 
“I think it’s good that there is a little message box there just so people know the context – 
like if you’re doing a casual trip and you’re flexible on time or if you had to say because 
you can enter the time, but you can say between this and then or you can say I have to 
leave right at this time so nobody gets left behind.” 
Analysis of activities showed that some participants used the fixed fields in order to 
identify the start and end of the journey and explained the constraints in the message box 
provided. Some participants used the message field to share their whole travel plan:  
“I’ve put the start and destination and the time of the start and used the message field to 
say what the mediating points were, like stopping points”.  
The message box was necessary to express the constraints.  
The results obtained from the lab-based interviews showed that participants did not use 
the predefined symbols at all however, they did use symbols familiar to them from highly 
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subscribed social networking websites such as using ‘#’ to identify important parts of their 
messages such as shown in Figure 5.6. 
 
Figure 5.6: Participants used symbols in their messages familiar to them from other social community websites 
such as Twitter and Facebook  
The free-form messaging section was later expanded to become a negotiation mechanism 
for coordinating a ride, since the participants preferred to have the final personal contact via 
phone or messaging before the ride. This preference was expressed in the following typical 
comment:  
“SMS is alright for me. I prefer human contact before confirming, rather than just 
clicking a button.”  
A messaging mechanism developed in the exploratory prototype allowed participants to 
negotiate their rides using text. This is shown in Figure 5.7. These messages were sent via 
email to the other parties involved in the ride to inform them about the new message. The 
participants then had to open the application to respond to the messages. A hyperlink, which 
redirected the participants to the right page, was provided in the email to reply to the message. 
The participants could click on the hyperlink to open the application in the browser. 
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Figure 5.7: Negotiating a ride with the other party using the text box provided  
The mail server broke down in the second workshop and this slowed down the activity. 
The breakdown in the mail server outlined the need for an alternative reliable notification 
mechanism such as short messages. The short message service has less chance of breaking 
down and the network coverage for short messages is wider than for data. In addition, this 
breakdown revealed the need to design alternative plans in case of breakdowns. This would be 
essential in order to keep the users engaged in the activity. 
6.7.3 Sharing beyond the application 
Integrating the ridesharing application with social networking was discussed with the 
workshop participants and they agreed with the benefit of including this feature in order to 
share their rides with other social communities: “All my friends are on Facebook, it would be 
good to be connected to Facebook.” 
 Social networking plug-ins was integrated with the ridesharing application to evaluate 
ways of expanding the sharing beyond the application. While some participants were receptive 
to the idea of sharing their rides with other social communities, some other participants were 
not interested in sharing beyond their ridesharing network because their use of social 
networking websites was different from their ridesharing application use, as expressed in the 
following comments:  
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 “I don’t have to tweet it. I wouldn’t probably recommend that in Facebook as well. And 
that’s just the personal reason because I want to keep Facebook fairly separate to other 
matters.”  
“Probably wouldn’t on my [Facebook] wall. I would private message to people that live 
around me like high hills or [places] that fairly close to me.” 
The second design implication was allowing participants to invite friends from their 
social networking contacts to register and use the application. The participants in the lab-based 
interviews suggested this. 
6.7.4 Dynamic control and sharing 
To address the issue of sharing control, the exploratory ridesharing application allowed 
users to restrict the ride messages to a group of people such as their friend groups or specific 
individuals. The analysis of the IPD workshop activities showed that the participants were 
aware of controlling what they shared and with whom. In the second workshop, the participants 
shared their rides with friends without taking any instruction from the facilitator. Analysis of 
the rides submitted to the agile ridesharing application during the lab-based interviews also 
comprehensively showed this awareness. The following quote from a participant in the 
interviews was typical:  
“I will still be apprehensive about offering rides to people [public] until I get used to the 
system”.  
Design to configure location sharing  
The other tension of dynamic control was during location sharing. One participant in this 
study suggested showing a ride on the map after confirming the ride in order to increase 
awareness and enhance sharing. However, there is a trade-off and tension between privacy and 
awareness. Designing configurations for controlling when and how to share a location was 
raised. The initial ideas for the design of configuring location sharing were taken from 
participants. This example illustrates: 
“I guess it could be an option similar to Google maps to accept or decline your 
location.[…] Having CAPTCHA or code to let people select whether or not they want to 
share [their location]. ”  
The initial idea was sending a unique code to users via email and SMS to access other 
riders’ locations for a specific ride. It was determined in practice however, that this way of 
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configuring location sharing was difficult since the user needed to remember the code while 
switching one or more times between email and the application in order to insert it. Participants 
asked whether it is possible to change it to their password to avoid switching and memorizing: 
“Instead of this code can’t it be something easier to remember for example our password?” 
This configuration was later modified by the user’s password for the application.   
6.8 DISCUSSION 
This section discusses the issues and findings from the iterative approach to designing, 
obtaining feedback on the design and reflecting back on the design. The lessons were obtained 
from the two IDP workshops and ten lab-based interviews with new participants. Reflections 
on the design occurred after each workshop or interview for example fixing the bugs or 
changing the interface design based on the feedback. New participants in subsequent lab-based 
interviews evaluated new changes. 
6.8.1 Utilising limited screens using icons 
Research on context-aware mobile applications has been conducted for over a decade; 
however, graphical user interface design has played only a minor role in most of the research 
(Pakanen, Huhtala, & Häkkilä, 2011). Indexicality is one method to reduce the information 
presented, and is useful for mobile applications with limited user presentation space (Kjeldskov 
& Paay, 2010). The idea of using icons to present information on mobile screens becomes 
useful if the designed icons are supported with other ancillary forms of information in order to 
avoid confusion, such as a help section to explain the icon meanings. In addition, understanding 
people’s perception of icons in the design of indexical cues reduces the risk of application 
failure outside the lab for instance replacing the thumbs up icon for accepting a ride with 
another icon to avoid being mistakenly perceived as a like button. 
6.8.2 Design to improve flexibility of sharing and social context computing 
Previous research (Dourish, 2004; Kjeldskov, 2013; Oulasvirta, et al., 2005; Paay, et al., 
2009; Sambasivan, Ventä, Mäntyjärvi, Isomursu, & Häkkilä, 2009) investigated ways to design 
for representing social context in mobile social applications and compute the social context to 
support people in their highly contextualised and socialised daily activities.  
In the present study, the participants suggested that the application should allow them to 
use shortcut keys to identify important items in their message (such as the start location or ride 
time) instead of filling fixed fields. Ideas such as this one shifted the design from the semi-
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structured pattern to free-form messages. Using symbols in the text message gave the designers 
an opportunity to think about ways to enhance the computing ability of applications without 
forcing users to fill in fixed fields or follow rules to use the application beyond their normal 
communications routines. However, the designers had to be careful when selecting symbols, 
since symbols have different meanings in different social networks. For example, the “@” 
symbol was used to represent time in the ridesharing application however it is used by people 
on Facebook and Twitter to identify a person.  
It was identified from the workshop analysis that participants did not use the defined 
symbols for enriching the application since they were not familiar with the symbols meanings 
and the rules to use them. This showed that the notion of intentional enrichment (Rittenbruch, 
et al., 2007) which makes the social context computable for the application required time and 
effort from people. 
After observing the participants’ use of symbols and analysing their messages in the IPD 
workshops and lab-based interviews, it was identified that the participants enriched their 
messages unintentionally mostly to avoid typing or following their common behaviour of using 
specific characters in other social networks (e.g., using # before important words, which is 
similar to Twitter). This highlighted the fact that the members of a ridesharing activity, similar 
to other mobile application users, prefer to dictate their rules instead of following a structure 
(Robinson, 1993). Therefore, the main challenge was to understand the meaning of the special 
characters in their messages and inform others based on the obtained knowledge.  
Computing the social context in the ridesharing application was designed to allow the 
users to write free-form messages, with the application only reacting and processing a phrase if 
it reached a specific character. While this approach provided the ability for the application to 
process information and act intelligently, it still posed a risk of failure. This is because 
computing social context always faces a risk of failing if a new form of unforseen interaction 
emerges during the use: for example, using @ for a suburb or using # instead of the word 
“sharp”. To make the application reliable, the design supported different forms of 
representation such as having a summary of the computed information with the possibility to 
access raw communication to avoid confusion. The research reported in this paper opens 
investigation pathways towards the evaluation of approaches that do not change the users’ 
behaviours while sharing, in order to support flexibility and easy computation.  
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6.8.3 Bridging the gap between design decisions and routines 
One of the topics discussed in lab-based interviews was the approach by ridesharing 
applications such as Rideshare, Zimride and Carpooling to leverage features of social 
networking websites in order to promote participation. This was one of the technological 
decisions made by developers for growing participations for ridesharing in previous ridesharing 
applications (Mirisaee, Brereton, Roe, & Redhead, 2013). This decision was developed in the 
exploratory prototype and discussed with the participants. The design decision was to extend 
the ridesharing beyond the application to grow more participation; however, the findings in the 
lab-based interviews showed that this decision missed the mark. 
The second approach to grow participation was the possibility to invite friends to join to 
the application via social networking websites. People have many contacts in social networking 
websites but may not have their email addresses or phone numbers. The participants stated they 
can easily expand their connections by inviting friends from social networking websites who 
are living nearby or have the same route of daily travel. 
Strategically, this iterative development allowed the designers to test this hypothesis with 
the participants in order to identify the appropriate way of utilising the social networking 
websites. This was an example of testing the technology use decisions in order to identify 
whether these decisions are realistic or not. This example also depicted that there is a need to 
understand the characteristics of ridesharing in social networking websites before designing for 
integration since the use of social networking websites are completely different when used in 
the context of ridesharing applications.    
6.8.4 An informative approach to reduce the barriers to dynamic control 
With more mobility and information sharing, more and more context information can be 
shared, so the timeliness, security and privacy of information are becoming increasingly 
important considerations. The main objective of protecting privacy in a social context is to 
facilitate communication while providing transparency and flexibility to allow people to share 
their information (Vihavainen, et al., 2009). The design challenge in sharing the social context 
is giving control to the users to select easily when and with whom they want to share. Sharing 
does not violate any sense of privacy unless this sharing goes beyond the users’ conceivable 
pattern of sharing. Therefore, people prefer a manual control system (Barkhuus, 2012).  
Current ridesharing system policies for security and privacy concerns are limited to 
technical methods such as authentication. Unfortunately, these systems mostly ignore real 
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concerns such as the information displayed to others and how people can control the 
representation of the information. In this research, the focus is on the participants’ perception of 
privacy and the ideas they suggested to solve the problem of privacy and sharing.  
The participants in this research wanted to control their sharing pattern by allowing 
specific people to see their rides, their social content or their locations. However, implementing 
configurations to control privacy became time-consuming and provided barriers to use for the 
participants. For example, a code generated mechanism was developed for the ridesharing 
application to keep users as the main controller of their location sharing. The code generated 
configuration was later modified by the user’s password for the application to avoid 
memorizing and switching between applications. This configuration was easier; however, 
participants stated that they mostly refined the audience for their rides while creating a ride and 
accepted a ride only with someone they could trust; therefore, the configuration-based policy 
for location sharing was an unnecessary activity most of the time. Consequently, the designers 
tried to change the configuration-based policy to an information-based policy in places where 
the need to control privacy was less critical from the participants’ point of view.  
In the information-based policy, the participants only needed to log-in to the application 
in order to access location information and the entire extra configuration was removed. In the 
new design, the participants could share their location without inserting any code; however, a 
notification policy was developed which informed participants of the details of the location 
sharing via SMS and email (such as who can see their ride, and when the location was shared) 
in order to make sure that they were aware of these activities. The interconnectivity between 
the application and technologies on mobile devices such as email and SMS provided an 
opportunity to reduce the barriers to configuration while keeping people aware of the status of 
private information sharing. The application allowed people to inactivate location sharing with 
other riders for a specific ride if they were not happy with sharing their location. The 
participants were satisfied with this policy since it was informative enough to ensure that 
someone else did not intrude upon their privacy and it enhanced the usability by reducing the 
typing and navigation to different pages. 
In summary, the iterative participatory development approach helped researchers to 
understand use. Controlling location sharing with other riders was explained as an example to 
reveal the details of changing from a configuration-based policy to an information-based 
policy. This initiative supported the conclusion in previous studies that design should focus on 
privacy and security as aspects of collective information practice (Dourish & Anderson, 2006; 
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Radke, et al., 2011), since people dynamically change their preferences to share their 
information, even with people they know. The iterative development with the participants also 
enhanced the usability of the application for dynamic controlling of the privacy by keeping 
users informed about their sharing interactions and reducing the prior configuration work 
needed for sharing.  
6.9 CONCLUSION 
The present study was designed to confront the social aspects of ridesharing, such as 
sharing and negotiation and sought ways to transform social aspects into application features. 
The typical approach in ridesharing apps of entering origin, destination and time omits critical 
social aspects of the ridesharing activity and does little to support the complexities and dynamic 
changes in daily travels. Therefore, future mobile social applications for ridesharing must have 
a simple, comprehensive interface which eases interaction and streamlines communication for 
negotiation and coordination of rides. The participants in the research came up with ideas such 
as restricting the availability of their messages to specific friends in the ridesharing network or 
controlling how they can disclose their locations to deal with the privacy concerns. The 
application should provide an easy method of dynamic control to allow users to refine their 
audience for a ride or identify who can see their locations.  
Involving participants in the early stages of design and development made the design 
ideas tangible for the participants and allowed them to elaborate on the application’s features 
collaboratively with the designers. In addition, interacting with an actual prototype provided an 
opportunity for the participants to elaborate on the design implications for supporting the 
complexities of ordinary routines. This study contributes to the design of socio-technical 
applications by proposing some design guidelines to bridge the socio-technical gap in 
developing a ubiquitous mobile social application. These design principles are:  
 Learn from existing collective practices in social communities and support through 
computing to make the content analysis easier.  
 Understand the role of current social technologies in people’s daily travels before 
interconnecting to the application in order to reduce the risk of failure outside the 
laboratory. For example, this research showed that social networking websites can be 
used to expand the ridesharing network by inviting friends who have similar travel 
patterns to the ridesharing application even though the social networking website 
itself may not be an appropriate place to promote rides. Researchers need to 
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understand the particular characteristics of ridesharing within social networking sites 
to better design ridesharing applications that utilise them.  
 Identify less critical privacy aspects of social communications and design 
informative policies for them so that users are aware of the status of their privacy 
settings and choices. This can reduce barriers to app configuration for privacy while 
keeping people in control.  
These guidelines identify limitations that suggest directions for future work, such as 
studying the characteristics of ridesharing in social networking websites and investigating the 
practicality of features developed in the lab out in the wild.   
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Findings from the previous chapter highlighted that participants did not share their 
ridesharing activities with their contacts on their social networking since the nature of 
ridesharing is different from the use of social networking websites from a participants’ point of 
view. Therefore, this research focuses on highly subscribed online groups of local residents on 
Facebook. This paper identifies the fabric of social interactions for ridesharing that is 
happening in these groups and investigates how to use the rich social and contextual 
information surrounding rides to support a technology assisted ridesharing application 
(objective 1.4). 
An online observation approach was taken for this study. The study identified how hard it 
is to manufacture a social context for specific purposes. The intricacies of social fabrics and the 
etiquette of how and when to request and make an offer cannot be abstracted from their 
context. Therefore, other strategies that take a conceptual starting point well within existing 
social fabrics may be more productive than trying to integrate a social network website with an 
existing ridesharing application. For example, one might find ways to increase awareness about 
rides happening in the community, possibly by also using more static community websites. 
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ABSTRACT 
The design of applications for dynamic ridesharing or carpooling is often formulated as a 
matching problem of connecting people with an aligned set of transport needs within a 
reasonable interval of time and space. This problem formulation relegates social connections to 
being secondary factors. Technology assisted ridesharing applications that put the matching 
problem first have revealed that they suffer from being unable to address the factor of social 
comfort, even after adding friend features or piggybacking on social networking sites. This 
research aims to understand the fabric of social interactions through which ridesharing happens. 
We take an online observation approach in order to understand the fabric of social interactions 
for ridesharing that is happening in highly subscribed online groups of local residents. This 
understanding will help researchers to identify design challenges and opportunities to support 
ridesharing in local communities. This paper contributes a fundamental understanding of how 
social interactions and social comfort precede rideshare requests in local communities.  
7.1 INTRODUCTION 
Ridesharing applications, designed to arrange ad-hoc rides in real time through mobile 
social software, seek ways to grow participation to solve the conundrum of having enough 
drivers and passengers. The growth of social networks provides opportunities for ridesharing 
applications to launch social networking features in order to support ridesharing in users’ 
existing online networks and increase ridesharing activity. However, Human Computer 
Interaction research explicates the fact that design for collaborative systems without 
considering the social interactions and communication of the collaborative environment are 
doomed to fail (Ackerman, 2000; Suchman, 2007). Ridesharing applications have been based 
on the weak assumption that having features to connect users to their online social networks 
will increase participation within their existing communities. However, findings from a recent 
attempt (Avego, 2013) showed the failure of this idea.  
Instead of using social networking features to grow participation, this paper considers 
social connections as the core of sharing among people and observes social groups (e.g. active 
Facebook groups for a residential locality) with a broad set of motivations to understand the 
fabric of social interactions for sharing; the challenges and opportunities for sharing and in 
particular, sharing travel resources and activity (i.e. cars, petrol, time in the car). The term 
“social fabric” refers to a composite of both the physical and virtual sharing infrastructures 
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(social networking groups, community email lists, sports clubs, local school events etc.) and the 
networks of relations formed within and between them.   
This paper investigates the characteristics of ridesharing in local suburban community 
Facebook groups by using an online observation approach. In addition to online observation, 
occasional interviews with online participants to understand the context of online discussions 
are also used. Also, we live in the area and have significant local knowledge. Observing online 
groups for sharing and discussion within a suburban locality has shed some light on how 
nascent ridesharing conversations and practices form in these online networks and how they 
might be encouraged and supported. This knowledge helps researchers to identify challenges 
and implications for design that supports ridesharing. 
7.2 COLLECTIVE IDENTITY IN SOCIAL NETWORKING GROUPS 
Turner et al. (1994, p.454)  defined social identity as a concept which ‘refers to social 
categorization of self and others, self-categories that define the individual terms of his or her 
shared similarities with members of certain social categories in contrast to other social 
categories’. A social identity is a symbolic representation of a group which presents shared 
identity bonds (Jiang & Carroll, 2009). A shared identity bond is not built upon interpersonal 
contact or mutual acquaintance among individuals; but instead, it is based on one’s 
acknowledging the commonality one shares with others, such as for example, living in the same 
local community, or being a member of the same club (Jiang & Carroll, 2009). Shared identity 
bonds explain the interactions happening in many social networking groups on Facebook which 
are formed on the basis of a collective identity. Membership in these groups does not 
necessarily mean a relationship between members, but rather a collective identification among 
the members as a basis for their relationship (Jenkins, 2008) to the group. This collective 
identity encourages local community residents to use social networking sites (i.e. Facebook) as 
a source of seeking information or offering services such as buying things, announcing a local 
event and occasionally seeking a ride or providing transport sharing. This sharing behaviour is 
an inspiration for this research to study the social fabric of ridesharing in local communities. 
7.3 RIDESHARING  
The main aim of ridesharing is to increase vehicle occupancy to reduce the number of 
vehicles travelling on urban roads (Morency, 2007). Ridesharing is a complex and highly 
negotiable activity because people’s daily travel is complex. For example commuting to and 
from work may include other activities such as child pick-ups, shopping, or going to the gym 
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(Heinrich, 2010). The close sharing of physical space and time in transport and the coordination 
efforts required to enable it make ridesharing more complex than many forms of technology-
facilitated sharing. Aspects of trust, privacy, bodily security, social comfort, and coordination 
(Abrahamse & Keall, 2012; Heinrich, 2010) are all brought to bear. Ridesharing applications 
such as Rideshare, Zimride, and Carpooling leverage Facebook features to establish a better 
communication among users in order to mitigate some of these concerns and promote 
participation. Features such as a Facebook login or inviting friends from Facebook contacts are 
commonly used in these applications under the assumption that providing social networking 
features encourages networking among users and resolves communication barriers. However, a 
recent attempt by a ridesharing application to connect communities with similar interests via 
their application (Avego, 2013) showed that this assumption falls short. The application can be 
brought people together but people need to work out the subtle nuances of their ridesharing 
group (Avego, 2013). These applications are still using the traditional, structured pattern of 
origin, destination, and time to create and match rides and ignore social factors such as 
negotiations among riders in order to share their interests, constraints, and flexibility for 
arranging a ride (Brereton, et al., 2009). Designing a ridesharing application for local 
communities is still difficult since they are constructed with only ridesharing in mind, whereas 
people’s social networks in communities are constructed with friendship, local activity and 
local information sharing in mind. Blending these two does not necessarily work.  
7.4 METHOD 
In this research we sought insights into the fabric of social interactions through which 
ridesharing happens, by examining local community groups on Facebook. This is certainly only 
a very partial view of the whole fabric, but it is a starting point. 
7.4.1 Locality 
The research focused on an outer dormitory suburb situated approximately 18 kilometers 
from the central business district of a city of 2 million people. This suburb is connected to 
metropolitan areas by only one main road. It depends highly on neighbouring community 
facilities including secondary schooling, library services, health services, local government 
offices, and recreational facilities (Redhead & Brereton, 2006). The community members 
frequently travel out of the suburb to access facilities or commute to work and school, which 
makes the main road very congested in peak hours. The community has been highly 
collaborative in solving its issues over the years. The collaborative characteristics of this 
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community provide an opportunity to share travel. We therefore decided to study the 
characteristics of social interactions within the community (a) to understand their nature and (b) 
to see if any ad hoc travel sharing arises within the community and the nature of the 
interactions that lead to it.  
7.4.2 Approach 
Conversations from two local groups on Facebook in this same locality are mined. 
Researchers are legitimate members of both groups who live in the neighbourhood. They 
requested and received permission to mine conversations from the owners of the group and 
have anonymised all conversations before publication. Researchers argue that in the cases that 
participants who are involved in a discussion may come and go too fast for informed consent, a 
waiver of informed consent may apply (Hine, 2008). Therefore, a series of actions were taken 
in order to protect members’ privacy such as changing participants’ names and their suburbs. 
The first group is a local one for selling second hand items in the area. It has more than 
2800 members. In this group, people are either requesting or offering goods. Messages related 
to ridesharing in this group are mostly about helping each other to deliver things. The second 
group has 1290 members and is a place for the local community members to catch up on local 
news, events and issues happening in the locality. People share information such as events, 
issues in the suburb, new development plans or new services in the area and so forth. Local 
businesses can post information on the goods and services they provide as well.  
The observations were made over ten months and about 17000 conversations from the 
two local Facebook groups were mined. An algorithm was designed and developed to search 
for terms related to transport and travel using predefined keywords on daily basis. Later, 
researchers manually studied the selected conversations by the algorithm to see if they were 
related to ridesharing. Among these conversations more than 89 conversations were about 
ridesharing or related to the local traffic in the area. The reason that a small portion of 
conversations were about ridesharing is that these groups were not created for ridesharing. 
However it is important to study and understand the nature of nascent conversations, even if 
these conversations are sparse, as these are seeds from which more and greater conversations 
may grow.  
 Chapter 7: Understanding the Fabric of Social Interactions for Ridesharing through Mining Social Networking Sites 145 
7.5 UNDERSTADNING THE FABRIC OF SOCIAL INTERACTION FOR 
RIDESHARING 
We have found that ridesharing emerges through discussions in local community groups 
on Facebook and analysed conversations about rides in social networks in order to understand 
how ride offers and requests arise in these contexts. 
7.5.1 Nascent Ridesharing Conversations Emerge from Local Transport Needs and 
Events 
People who live in the same area establish social interactions around topics relating to 
local transport needs and events and rides emerge from these interactions. An example of going 
to railway museum which had 31 comments including some offers for a lift: 
“Ann: …Has anybody been out to the workshop rail museum to the Thomas by the sea 
exhibit & activities? … Feedback? … Thanks :) 
Alice: Not with the rescue going on. However it's 3 levels of different things. Including a 
smoke room, huge ball pit, art room, the list goes on. I am heading to rail way on 
Tuesday if you would like a lift. I have plenty of room 
… 
Kim: Sorry Ann also I can give you a lift if I go”  
These conversations normally happen in public in the very early stages. Parties engaged 
in the conversation then discuss details in private conversations or face-to-face meetings. Some 
of these conversations were followed up which is explained in the following sections. 
7.5.2 Friendship over the financial incentives 
In this locality, it is often the case that community members offer transport for short distances 
to help out, to build social capital and possibly to extend and make friendships through requests 
and offers. In most cases financial incentive is not the top priority.  Messages such as the below 
one were seen frequently in the dataset. 
“Bernadette: Does anyone go from Riverbank over the ferry in the mornings and back 
again in the afternoons who wouldn't mind giving me a lift? Have to start working in 
city in a couple of weeks and would rather not get the train  
William: what time in the afternoons? We could probably do the afternoons.” 
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7.5.3 Privacy and Self Presentation in Groups 
Unsurprisingly, we observed that group members adopted strategies to protect their 
individual privacy and safety. The strategies observed were largely similar to those found by 
Lampinen et al. (2009), that is, group co-presence management strategies. Some strategies 
related to group composition and communication as a whole such as approving new members if 
they were introduced by existing members of the group. However, others related directly to the 
ridesharing activity at hand,  for example, preventive strategies which Facebook users applied 
to avoid tensions in groups such as choice of suitable communication channel, self-censorship 
and attitudinal approaches. Examples in mined conversations showed people shifted to different 
communication channels, in effect explicitly limiting the conversation to parties who identified 
themselves as also being interested in ridesharing.  For example: 
“If anyone else attends UNI MTG we might be able to set up a car pool. Let me know on 
example@yahoo.com.au”. 
An example of self-censorship was started with this offer.  
“Hi there. Is anyone able to offer me a lift from M Post Office this Wednesday at 9am to 
anywhere close to the city?” 
Although the poster did not receive any comments online for that post, the follow-up 
interview with her identified that at least two persons in that group were interested to offer a 
ride, although they did not want to make the offer on Facebook. Instead they mentioned their 
offers in face to face incidental meetings at the local shops or school. 
The occurrence of several offers or requests for courier sharing in both groups indicates 
that attitudinal approaches such as general trust and acting responsibly are at work in these 
groups, particularly when the stakes are lower and one is only risking goods and not personal 
physical safety such as:  
“Jan: Hi there peoples I was wondering if anyone could please pick up 2 little kids bikes 
from upper riverside and deliver them to leich at all my twins... 
Suzi commented: I could pick them up Wednesday and bring them to you on Thursday if 
that suits. 
Molly commented: I plan on going to museum next Tuesday. I could bring… if you could 
meet me there” 
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7.5.4 Representing nascent ridesharing conversations in a more static way 
The dynamic and ephemeral nature of Facebook interaction causes people to be unaware 
of opportunities unless they are interacting with the group at a specific moment. The second 
hand item group has received more than 70 daily posts on average, which means that the 
opportunity for members to be informed about a specific topic is very low unless they are 
willing to constantly monitor or to search for a topic. Even if a ridesharing application mines 
the related messages on Facebook in order to represent them in a more static way to local 
communities, the social context around a ridesharing conversation and implicit information 
within the conversation make decontextualizing and extracting messages difficult. The 
following example illustrates that much of the information about the sharing arrangements that 
happens in social networking sites is implicit and therefore difficult to process if striped: 
“Rosie … I am picking something up from Michelle today - would you like me to pick it 
up for you?” 
“Chris, I am at Highlands Wed so can collect for you if you want. Can drop at Liz with 
her stuff I forgot today!” 
7.6 LOCAL RIDESHARING GROUP FOR THE LOCALITY 
After identifying the interest for ridesharing in the locality, the researchers created a local 
ridesharing group and invited local members via their local groups. The aim of this local group 
was to promote ridesharing more explicitly in this location. This group has not grown like 
studied local groups and ended up with only 51 members. Only few numbers of rides have been 
shared in the group:  
“Just saw an earlier post; I have a student who likes to come across ferry about 5.30 p.m. 
Is there anyone who comes down Hill Rd or goes near Bird Rd; that he can get a lift 
with”  
No comments had been submitted to offer a ride to any of ride requests. We followed five 
members who shared rides in this group and two of them got back to us by mentioning that they 
did not get a lift using this group. The preliminary results from this group again identified the 
importance of social context around ridesharing conversations which created a strong social 
identity and encouraged local members to share their rides.   
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7.7 IMPLICATIONS 
Ridesharing conversations in local social networking sites arise from within a general 
context of local conversation, local contacts, shared schools, shared neighbours, shared shops 
and shared needs. Collective information practices (Radke, et al., 2011) can be seen to develop 
in these groups, such as cultures of offering to transport goods, general offers made online with 
specific details often taken offline, or through other communication channels. Examination of 
ridesharing messages from within local conversations hints at the reasons that applications 
designed explicitly for ridesharing face the challenge of being decontextualized, even if they 
explicitly seek to build on friend networks from social networking sites. Ride needs and 
conversations emerge in social contexts and one can often not easily strip the ride from its 
social context and package it into the different context of a ridesharing application. However 
the findings point to opportunities for finding better ways to support ridesharing from within 
the social fabrics in which they arise. 
It has long been understood (Bødker, 1991) that interfaces need to be understood in their 
social context. However, the lessons learned by established ridesharing software companies and 
by mining social networks provide a salutary lesson about just how hard it is to manufacture 
social context for specific purposes. The intricacies of social fabrics and the etiquette of how 
and when to request and make an offer cannot and probably should not be abstracted. Other 
strategies that take a conceptual starting point well within existing social fabrics may be more 
productive. 
7.8 IN CONCLUSION 
This paper has revealed that ridesharing offers emanate from large online social networks 
of people with common interests. Although these people are not necessarily close friends, the 
social and group identity in the sites creates conditions in which some members feel sufficient 
trust to offer to share rides and goods transportation. The unique characteristics of this 
particular locality, such as being isolated from the metropolitan area explained social 
interactions in the community, which may not extend to other local community groups.  
This paper contributes a fundamental understanding that social interactions and social 
comfort precede rideshare requests in local communities. The paper also presents a view of the 
kinds of interactions through which rideshare requests emanate. This understanding indicates 
that there are new opportunities for technology supported ridesharing that are based on social 
identity, social connection and a deeper understanding of cross channel interactions.  One 
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implication for future design is to focus on integrating and relaying ridesharing messages 
collected from local social networking groups in a more static website- for instance a local 
community website. This way, local community members could be informed about current 
ridesharing activities happening in their local area via the local community website, which may 
provoke them to join the activity.  
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To investigate the theoretical gap (RQ2), this paper explored how to reconcile the two 
different viewpoints of context, representational context and interactional context. 
Representational context is any information that can be used to characterize the situation of 
entities (Dey, 2001). Interactional context arises from and is sustained by the activity itself 
(Dourish, 2004). These viewpoints have arisen respectively from technical and social science 
perspectives on context-awareness.  
To investigate the theoretical gap, the approach taken is to gather messages collected 
from the first round of using the agile ridesharing application and to map them out (objective 
2.1). Examples from agile ridesharing demonstrated that users in practice effectively reconcile 
representational and interactional views of context. For instance, messages from the agile 
ridesharing application showed that people often state little information in text messages 
because friends know where each other live. Since, people are able to reconcile these two 
viewpoints, the design challenge for mobile context is the artful combination of effective 
visualisation of sensed information such as a GPS dot located on a map, user provided content 
(text, speech or photos) illustrating activity related to the location, and easily controlling when 
and with whom users share their content. The artful combination of information and 
presentation make interaction and decision making easier for users. This paper proposes some 
approaches in order to combine social and sensed information such as enriching the social 
content using symbols to make it computable for the system or using the combination of social 
and physical context together and presenting it as historical context to inform people in general 
about the ridesharing footprint and increase their awareness about ridesharing.  
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ABSTRACT  
The increasing capability of mobile devices and social networks to gather contextual and 
social data has led to increased interest in context-aware computing for mobile applications. 
This paper explores ways of reconciling two different viewpoints of context, representational 
and interactional, that have arisen respectively from technical and social science perspectives 
on context-aware computing. Through a case study in agile ridesharing, the importance of 
dynamic context control, historical context and broader context is discussed. We build upon 
earlier work that has sought to address the divide by further explicating the problem in the 
mobile context and expanding on the design approaches.  
8.1 INTRODUCTION  
Early context-aware computing applications sought to take advantage of sensor 
information in order to better represent the context of the computing device and its user. 
Initially, sensors provided data on various physical quantities such as location, temperature, etc 
and context–aware devices sought to make sense of disparate data through integration and 
computation of values. Applications were envisaged to be smart homes, phones that knew 
when not to ring etc. From a technical viewpoint, context referred to entities that could be 
represented and possibly used in computations, and thus this view is referred to as a 
representational view of context Dey (2001).  
The expansion of mobile devices, sensor networks and social networks such as Facebook 
and Twitter, has brought forward more kinds of data that can be mined in order to represent 
context. However a social and interactional view of context has found the technical aspiration 
to compute context as problematic, particularly when the aim is to advise or control 
applications that directly affect people’s activities. From a social perspective, context is a 
dynamic and emergent property that arises out of activity (Dourish, 2004). Applications such as 
a phone with the intelligence to know when not to ring are doomed to fail because they will 
inevitably fail to interpret complex emergent social situations and make the right decisions 
(Brown & Randell, 2004). 
This paper demonstrates through design how to work from these two viewpoints in order 
to design a mobile application that uses context information effectively. We also introduce the 
importance of dynamic context control, historical context and broader context as necessary 
aspects of mobile context needed in ridesharing applications.  
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8.2 DESIGNING FOR CONTEXT-AWARE COMPUTING 
Given the interactional perspective, Brown and Randall(Brown & Randell, 2004) 
suggested the following design strategies for context aware technologies – That (i) Technology 
provide context to users through simple structures (such as. caller ID) allowing users to make 
sense of that contextual information themselves; (ii) Context be used defensively, in such a way 
that incorrect inferences will not be a serious inconvenience to users. (iii) Technology focuses 
on communicating context, rather than attempting to compute it.  
Oulasvirta et al. (2005) concluded that a balance can be found between constructivism 
and realism approaches by making automatic actions based on sensor data negotiable and 
repairable. Also systems provide contextual information as a controllable and transparent 
resource, starting point, or option for users to amplify their action. The ideas were further 
elaborated by Chalmers and Galani (Chalmers & Galani, 2004), who introduced the notion of 
seamfulness, where interesting aspects of context (such as caller ID) are made explicit for 
human interpretation, as opposed to seamlessness, the promise of automatic systems, which 
inevitably fail to deliver in many circumstances.  
Recently and since the initial social science critique of context aware computing, much of 
the technical research has tended toward the enabling middleware layer for context aware 
computing, establishing ways of dealing with complex context, sensor fusion, and inferring 
logic for context recognition. However, since many of the components needed for designing 
and building context-aware applications and services are now available in mobile phones 
(integrated GPS, accelerometers etc), and there is renewed interest in computing context for the 
human-machine interface, it is worth revisiting the design of context-aware services and 
applications to support human activity (Häkkilä et al., 2009). 
8.3 A CASE STUDY OF CONTEXT IN AGILE RIDESHARING 
Social networking technologies have become widespread in the past few years in order to 
support communities, connect people to their friends, and expand the methods of social 
interaction on the web. The significant successes of emergent social technologies have brought 
new opportunities to enhance the usage and usefulness of context-aware applications. The new 
design challenge is how to devise ways to reconcile representational and social views of 
context. One of the proposed methods is to integrate and visualize physical values with data 
that emerges through interaction such as text messages. 
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We use a case study of agile ridesharing, the practice of ad hoc rides arranged in real time 
through mobile social software to elucidate context issues in the design of personal mobile 
social software applications. Mobile social software has the potential to contribute to solving 
problems of meeting potential sharers, coordination, and logistics, while addressing privacy and 
security concerns. Decisions to meet and ride are highly contextual, depending on the 
circumstances of each person involved 
8.3.1 Why an agile ridesharing system? 
Agile ridesharing systems hold promise because people often change their travel plans 
due to unforeseen circumstances. For example, User A stated her travel plans on Monday as 
follows:  
“Ride on Tuesday and Thursday and car on other days but will leave early with husband 
before peak hour” 
However, she changed her travel time late on Tuesday night because her daughter asked 
for a lift.  
“Confirmed late on Tuesday night that daughter needed a lift to uni by 9am so decided to 
wait to leave at 8.30am instead of 7am (before peak hour) and drop her on the way.” 
8.3.2 Prototype 
A prototype was designed to operate using a common web browser, so that it could be 
accessed using any web-enabled phone, laptop, or desktop, thus maximising the number of 
people who could participate in sharing. The prototype had a very limited functionality in that it 
only allowed people to send ride messages and information about seeking and offering rides. It 
was possible either to enter informal ride messages or in defined fields for origin, destination, 
journey start time, and whether a person was seeking or offering a ride. A screenshot is shown 
in Figure 7.1. 
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Figure 7.1. Screenshot of the rideshare prototype (Removed to keep anonymity) 
Its purpose was to collect and share messages from people in the moment of travel in 
order to facilitate sharing, and, from a research perspective, to understand what they 
communicated in those particular circumstances. In this paper, we use example messages 
submitted to the ridesharing system of (Removed to keep anonymity), in order to examine how 
people represented their own context and the possibilities for context representation in agile 
ridesharing.  
8.4 CONTEXT AND INTERACTION IN AGILE RIDESHARING 
Before proposing how to integrate representational and interactional approaches to 
context, we first detail how context evolves through interaction. We take Dourish’s (2004) 
observations and demonstrate with examples from ridesharing.  
1. Contextuality is a relational property that holds between objects or activities. For 
example, deciding whether to walk or rideshare depends on a number of relations: who you are 
meeting, and when they are likely to arrive, what the distance is, the weather condition and 
where you will go next, your mood, whether your car is clean, etc.  
2. The scope of contextual features is defined dynamically, rather than being 
something that can be delineated and defined in advance.   
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People usually sent simple messages to open a conversation “Walk to riverside anyone?” 
rather than specify details in advance. Often people preferred not to reveal their location to a 
variety of people for a variety of reasons (potential for robbery; surveillance; desire for privacy, 
mystery etc). However the example below indicates a particular context where GPS location 
became useful in the moment, even though it was not something either party typically wanted 
to communicate to the other.  Two people confirmed a ride with this message:  
“Leaving now from riverside. I’ll pick you up about 8:20 in green hill.  Wait where I can 
pull over.” 
The participants reported that once the driver hit traffic it became clear that he would be 
at least ten minutes late. The driver wanted to be able to communicate their whereabouts while 
driving. Meanwhile, the rider could not relax and read her newspaper, because she had to keep 
looking out for the car in busy traffic to be able to hop in at a moment’s notice. In addition, the 
driver did not know where exactly to pull over so they had to keep a careful eye out for the 
rider. On this occasion, the current location of both rider and driver came into focus as being an 
important contextual property to communicate. 
3. Context is an occasioned property, relevant to particular settings, particular instances 
of action, and particular parties to that action. One participant messaged:   
“City to dunmore. 4 hr parking limit. I'll be leaving at 11:30am for dunmore. Work in 
coffee shop til pic kids up in dunmore at 3. Then home to riverside. Anyone need meeting 
in cafe or ride to dunmore ?” 
Constraints on the city parking and the commitments of this particular day would be hard 
to represent a priori or completely. Hence participants usually chose free form messaging over 
formal fields when wanting to represent complex circumstances of a particular occasion.  
4. Context arises from the activity. Context is not just “there,” but is actively produced, 
maintained and enacted in the course of the activity at hand. For example a message 
conversation about having a coffee might go as follows.  
“Want to go for coffee in uni café? 
I have a meeting right now.  
Later then? 
If we could meet in the city?” 
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We can see that the notion of a coffee in the afternoon in the city arises out of the 
negotiation. It could not have been easily computed a priori. Indeed significant a priori 
representation is often impractical for applications that support human activity.  
8.5 DYNAMIC CONTEXT CONTROL 
Brown and Randall’s strategies of allowing users to make sense of context information 
themselves and of using context information defensively (Brown & Randell, 2004) still hold 
true.  
With more mobility and sharing of information, there is more and more context 
information that can be shared and the timeliness and security and privacy of information are 
increasingly important. 
For example, a simple dot on a map might represent the location of a mobile device. 
However, the dot does not indicate whether the mobile device is with its owner left somewhere, 
whether the system has recently updated the device location, or whether the phone/person/dot 
will be there for a while or about to leave. Other sensor information such as from the 
accelerometer in the phone might provide clues about when the device was last handled. 
Accuracy of the information can thus be increased, through utilizing more information from 
sensors, and through people annotating their status themselves.  
But most importantly, the device owner is likely to only want to share this information 
with particular trusted people at particular times when it is relevant and personally helpful to 
share such information. One of the interaction challenges thus becomes allowing people to 
easily select, in the moment, when certain relevant context features such as GPS sharing are 
available to others. 
It is notable to contrast how little information people often need to state in text messages 
such as “pick you up from your house at 10” because friends know where each other live etc. 
Often as little information is given as possible and it is given on a need to know basis.  
Thus the design challenge for mobile context is the artful combination of effective 
visualisation of sensor information, user provided content (text, speech or photos), and easily 
selecting when and with whom you share what. The traditional notion of context-aware 
research of simply gathering and integrating sensor data and providing it to applications needs 
to be revised as this approach can no longer be researched alone. Approaches need to consider 
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the provision of sensor data, its visualization, user annotation and user control all at once in the 
interface.  
8.6 CONTEXT CREATION 
One approach to helping mine context information from free form messages in social 
platforms is the “hashtag approach” of Twitter in which users tag terms with a # sign in their 
free form messages to highlight to a system that these terms have a special meaning. For 
example, in ridesharing, inserting the # sign before locations is one of the ways users could 
indicate to a system that a word indicates a location (Figure 7.2). Such approaches can help 
users to structure information in their free form messages and make them a computable 
component for the system.  
 
Figure 7.2. Using symbols to create representational context for the system in social messages and visualizing 
them. 
Simple text mining can be used to suggest a few common conditions according to the 
keywords found in the message. (See figure 7.3) The user then decides whether these 
conditions are appropriate for the inserted ride (Figure 7.3). This approach aims to enhance the 
functionality of the system by showing better results for user intent or providing useful 
historical context for future activities. 
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8.7 CREATING HISTORICAL CONTEXT 
Even though, context is dynamic and emergent, past activity is useful to inform decisions. 
Knowing how many rides were shared between locations on previous days may be a helpful 
predictor of potential rides today. Since past activity has already occurred, it is stable, and yet it 
provides information upon which people can usefully draw to inform decision making for the 
present. Of course people can make many different interpretations of history and 
representations are open to interpretation and to being contested.  
Social networking, data mining and summarizing historical context for ridesharing sheds 
light on how many rides have been offered recently and between which locations, which can 
give an overview of system activity and ride potential without compromising privacy.  
8.7.1 Broader context 
Our rideshare trial indicated that people were interested not only in sharing rides, but also 
in sharing walks and public transport rides. Indeed, travelling together was seen as an 
opportunity to meet, and people used the prototype to organise meetings as well as rides. This 
result also indicates that the broader contextual information (about neighbourhood events, 
public transport etc.) is important, both in being used for ridesharing and in representing the 
opportunity to rideshare in other forums, such as the local community digital noticeboards, 
which include information about local events. The notion of tapping into broader context is 
thus fruitful. 
 
Figure 7.3. Simple text mining of messages to suggest specific conditions in order to easily gather data about user 
intent 
8.8 CONCLUSION 
Examples from agile ridesharing have been used to demonstrate that representational and 
interactional views of context are effectively reconciled by users in practice in the use of 
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mobile devices. Further we argue that in order to effectively reconcile representational and 
interactional views of context in design, designers need to move beyond considering context 
awareness as a problem in isolation and instead take integrative approaches that carefully 
consider good visual design, user content, user control, historical and broader context 
information together in order to design to successful mobile context-aware applications. 
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Chapter 9: Mind the Gap: Exploring 
Interconnectivity In-the-wild 
PREAMBLE 
Mirisaee, Seyed Hadi, Brereton, Margot, Roe, Paul, Mind the Gap: Exploring 
Interconnectivity In-the-Wild. (Forthcoming). 
An in-the-wild approach and contextual interviews provided access to real situations to 
examine context-aware representation in use and obtain participants interpretations of their 
interactions. Mapping out different kinds of interaction with context representations in-the-wild 
was undertake in order to develop principles for the design of a mobile social application which 
fits easily into daily lives. 
Processing and presenting accurate information to users on their mobile phones is 
challenging, due to the limited processing power of mobile devices themselves, and due to the 
complexity of the technical infrastructure within which they operate. There are different 
platforms, providers, signal dead zones etc. Phones work in an environment full of such seams 
that sometimes their owners have to negotiate. One solution was to investigate how design for 
interconnectivity could help people tackle the seams easily by using the best communication 
approach given the connectivity at hand. Sometimes another mundane technology such as a text 
message or voice call might work better than an app. Good design might facilitate switching 
between mundane technologies. Participants have used mundane technologies together with the 
ridesharing application to accomplish their ridesharing activity. The in-the-wild method, a self-
recording approach using head mounted camera inspired from Brown, McGregor, and Laurier 
(2013), was used to understand the interconnectivity concept for ridesharing.  
Lessons learned from this study highlighted that ridesharing activity is highly socialised 
and contextualised and happens across multiple platforms and social networks. The participants 
in this study switched between the ridesharing application and other mundane technologies on 
their mobile device to perform ridesharing activities in their own way and to manipulate seams 
in their activity.  In situ examples of interacting with the mobile social application also 
demonstrated that participants reconciled interactional and representational views of context by 
interpreting the information presented and using other forms of communication to accomplish 
the ridesharing activity when they concluded that the information presented was inaccurate.  A 
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series of design principles was developed for a mobile application interconnected with other 
mundane technologies by  
 Considering how a new mobile application or technology can fill the gaps in a daily 
activity and complement current mundane technologies to support that activity. 
 Leveraging mundane technologies to design alternatives in order to maintain 
reliability across seams.  
 Understanding the barriers of use for mobile device technologies that developers may 
assume are useful and mundane for people  
 Identifying opportunities for effective integration of existing and emerging 
technologies with the new mobile social application. 
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ABSTRACT 
Recent studies of mobile use have identified that people work across and move between 
mobile phone applications in order to meet their needs in their everyday activities. However, 
many mobile applications are not designed with such interconnectivity in mind. This research 
investigates designing a mobile social application which complements mundane applications 
such as messaging and emails to better support people in the social and mobile activity of ad 
hoc ridesharing. A ridesharing application, which supports ad hoc vehicle rides arranged 
dynamically through mobile social software, was developed and tested in-the-wild. Participants 
made self-recorded videos and participated in focus group discussions. The data provided many 
in situ examples for analysis. It was found that participants significantly enhanced their use of 
the ridesharing application by interoperating with other mundane apps. Moreover, the 
ridesharing application showed potential for an enhanced experience over use of mundane apps 
alone. Key findings about designing for interconnectivity are presented including: how new 
mobile apps can complement current mundane technologies, how mundane technologies on 
smartphones can be leveraged by new applications maintains reliability across seams, and 
identifying whether an available technology is mundane (easily usable) for the target 
population before designing for interconnectivity. 
9.1 INTRODUCTION 
Human computer interaction researchers have conducted extensive ethnographic and in-
the-wild studies to inform the design of mobile applications which support human activities in 
their daily life (Heyer & Brereton, 2010; Heyer, et al., 2008; Johnson, et al., 2012; Korn & 
Bodker, 2012; Vihavainen, et al., 2009). Previous research has focused on the usability of 
applications and technologies to facilitate daily activities and less attention has been paid to the 
design for the interconnectivity of applications. Heyer, et al. (2008) design of cross-channel 
mobile social software, prior to the advent of smart phone apps, was a notable attempt to 
support communication across email, text messages, mms and so forth. 
People mix, match and interconnect individual applications on their mobile device to 
perform their highly socialised and contextualised tasks in their daily life (Barkhuus & 
Polichar, 2011).  However, there is a tension with application developers aiming to lock people 
in to their applications rather than moving beyond any individual application to support a 
taskflow.  Here, taskflow means that people can switch between applications to perform their 
task in their own way. Apart from combining applications on mobile devices to perform a 
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highly socialised and contextualised daily task, mobile applications also face technology 
infrastructure seams such as corrupted network connections that can cause application failure.  
People navigate seams in technology by combining and shifting between everyday applications 
on their mobile devices (Barkhuus & Polichar, 2011). Locking people into an application in a 
seamful environment creates dissatisfaction and  minimizes use (Fischer, 2012).  
This research investigates how a new mobile application can interconnect with other 
mundane applications in a pragmatic and seamful way. We use Graham and Rouncefield 
(2007) definition of mundane technologies as those quite unremarkable technologies that, given 
the context in which they operate, they have become ordinary and commonplace such as email, 
SMS and phone devices. 
Ridesharing was studied because it is a highly social activity requiring significant 
negotiation and micro coordination in order to successfully arrange to ride together and then to 
meet. It engages different people with different communication habits and expectations often 
using different mobile phones, platforms and software applications. Some people might prefer 
to text to arrange a ride, while others might prefer email or phone calls. Some might put 
messages out to a group, whereas others prefer one-to-one communication, and in many cases 
choices are dependent on both the social and physical context of use.  Ridesharing also involves 
sharing an intimate physical space, such that trust and social comfort are paramount.  
The success of casual carpooling (Levofsky & Greenberg, 2001) and Heinrich’s survey of 
dynamic ridesharing (Heinrich, 2010) showed that there is a great potential for ridesharing if it 
can be spontaneous and easily organised. Dynamic ridesharing developed for mobile devices 
holds potential because of being able to arrange ad-hoc rides and support users while they are 
mobile. The result was a web-based and context-aware mobile social application for 
ridesharing called Agile Ridesharing (AR), which examined participants’ in situ interactions.  
This research shifts its focus from evaluating the AR application to understanding how 
people interconnect the application with the mundane applications - SMS, phone, email - on 
their mobile device to perform their ridesharing activity in a seamful environment. For this 
purpose, participants videoed themselves while interacting with their mobile devices. 
Collaborative sessions with participants were used to analyse and interpret recorded 
interactions. 
Findings showed that ridesharing activity is highly socialised and contextualised, 
happening across multiple communication platforms and social networks. The participants in 
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this study interconnected the AR application with other mundane technologies on their mobile 
device to perform ridesharing activity in their own way and to navigate seams in their activity. 
Additionally, some design principles have been proposed for developing flexible mobile 
applications that can be interconnected with other technologies on mobile devices such as:  
 Considering how a new mobile application or technology can fill the gaps in a daily 
activity and complement current mundane technologies to support that activity. 
 Leveraging mundane technologies to design alternative communication options in 
order to maintain reliability across seams.  
 Identifying barriers and opportunities for effective integration of existing and 
emerging technologies with the new mobile social applications before designing for 
interconnection. 
9.2 RELATED WORKS 
Mobile social applications are designed to make communication, coordination and 
sharing more efficient and easier for people in their daily lives (Heyer, et al., 2008). Group 
messaging systems, intimate social contacts or integrated social networking systems are 
examples of mobile social applications, which enhance communication and sharing 
(Ankolekar, et al., 2009; Cui & Honkala, 2011; Heyer & Brereton, 2010; Heyer, et al., 2008; 
Stefanis, et al., 2012). Mobile social applications either leverage social networking sites or 
mundane communication applications of mobile device such as SMS and contacts lists. 
Mobile social applications that leverage social networking sites mostly aim to integrate 
these networks and provide a service for users to interact with all social networking in one 
place including reading the content or broadcasting their status to their social contacts (Cui & 
Honkala, 2011).  The other trend of developing mobile social software is to leverage primitive 
and mundane applications on mobile devices to provide enhanced communication and 
coordination services to people. For example Heyer et al (Heyer & Brereton, 2010; Heyer, et 
al., 2008) developed a group messaging application that worked across the channels of SMS, 
email and IM in order to overcome the limitations of any one channel. Intimate contact list 
applications (Ankolekar, et al., 2009; Stefanis, et al., 2012) on mobile devices make connection 
with close contacts easier and reduce the burden of dealing with huge contact lists.  
Mobile social applications have mostly been designed to use a specific feature of mobile 
devices such as the contact lists to support social interaction; however the complexity of social 
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interaction and the need to work across applications to find different information easily leads 
people to practices of switching between applications in their mobile device use.  
9.3 INTERCONNECTIVITY IN SEAMFUL ENVIRONMENT 
HCI researchers (Dourish, 2004; Harrison, et al., 2007; Suchman, 2007), argued the 
impossibility of predicting and constructing situations at “design time” for socio-technical 
applications. Rather they urged the necessity for designs to support emergent situations by 
giving control to the person using the design. Moreover, in practice it is found that people are 
adept at mixing, matching and interconnecting individual applications to fit their mobile device 
use to their own lives (Barkhuus & Polichar, 2011). New approaches to design such as seamful 
design (2003) and interoperability (Barkhuus & Polichar, 2011) beyond using one application 
have been introduced to bridge the gap between the unpredictability of situations and the use of 
ubiquitous applications. People switch between applications and add or remove applications to 
achieve their goals through mobile device use (Barkhuus & Polichar, 2011). Interconnectivity 
design tries to overcome the imperfection of one technology by offering people multiple 
technologies and giving the control to people using the technology. Much research has been 
conducted at the framework and infrastructure level to develop unified middleware or services 
which mine and integrate rich social and contextual information from different resources and 
present it to people in one interface (Cui & Honkala, 2011). However, by pushing 
interconnectivity to the framework and middleware services level this research assumes that 
people are willing consumers of the final product and that such decisions can be handled 
through automatic deduction, whereas research in HCI would argue otherwise. Such research 
conceptualizes human activity as an “idealized user view” and ignores the human role in 
services and how people are intimately involved in and change the service use by their own 
actions.  
Therefore, in this research we take a series of human centred approaches to identify 
challenges and opportunities for the design of a new application that works in a seamful 
environment full of infrastructural shortages, heterogeneous platforms and different devices to 
support an everyday social activity. Ridesharing has been chosen as the social activity since its 
inherent dynamism and highly negotiated nature bring the challenges of designing mobile 
social software to the fore. 
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9.4 RIDESHARING AND ENRICHMENT OF DAILY TRAVEL 
Daily travel is rich and unpredictable. It may cover different activities and diversions 
such as shopping or school pickup on the way home. Our previous research on daily travel 
activities identified that participants normally considered various factors in their daily travel 
such as being on time, costs (fuel/parking), finding location, safety, traffic, luggage or bulky 
things and household calendar (schedule) [Chapter five]. These situations commonly change 
the planned daily travel.  From the participants’ point of view, travel activities are a part of 
their life that arises from social needs and plans hatched before the travel starts and that can be 
changed dynamically in different situations. Here is a story of dynamic changes during travel: 
“On way home from office to riverside to pick up my daughter from school. Since I am in 
the car, I realise I can detour to six hills to pick up the French text book that my son 
needs for school from the industrial area on tenth rd.” 
Participants in the previous study expected that the AR application would be flexible 
enough to allow users to share a fragment of these emerging changes and simple enough to 
negotiate these changes with other riders. These findings emphasised that the ridesharing 
activity is highly socialised and contextualised.  
9.4.1 Dynamic ridesharing mobile application 
Mobile applications for dynamic ridesharing such as Avego, Carticipate, piggyback, and 
Flinc mostly follow the structured pattern of origin, destination and time and focus more on 
technical aspects such as algorithms for dynamic matching and scheduling (Steger-Vonmetz, 
2005). These applications mostly ignore social factors such as negotiations among riders in 
order to share their interests, constraints or flexibility for arranging a ride. These applications 
may work successfully in established ridesharing corridors such as high occupancy vehicle 
lanes in San Francisco bay. It is not clear whether these applications can foster participation in 
more unscheduled and dynamic travel activities where the destination and time are flexible. In 
more flexible travels, aspects of trust, privacy, bodily security, social comfort, and coordination 
(Abrahamse & Keall, 2012; Chaube, 2010) become the main concern for sharing a journey. 
Therefore, we designed an exploratory web-based ridesharing prototype that focuses on the 
social aspects of travel sharing such as communicating constraints, negotiations around 
constraints and coordination rather than technical aspects.  
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9.5 METHOD 
Design as a situated process begins with fieldwork, design propositions and investigatory 
prototypes or probes to support fieldwork. In our case, the main probe was a ridesharing 
application (AR), which was accessible via a mobile phone or PC. This application was used in 
an in-the-wild study. In-the-wild studies aim (Johnson, et al., 2012; Korn & Bodker, 2012) to 
understand interaction outside the laboratory and to learn from the interaction to better design 
the technology during the development process. This study did not aim to provide a statistical 
breakdown of the effectiveness of the mobile ridesharing application to grow participation for 
ridesharing. Rather this study aimed to understand how participants interoperate the AR 
application with mundane applications (SMS, phone, email) on their mobile device to perform 
a highly socialised and contextualised ridesharing activity in a seamful environment.  
9.5.1 Designed Application 
The AR application was developed as a web-based application in order to target multiple 
devices and provide an opportunity for participants to use their owned smartphones as well as 
their PC to interact with the application. Also, the web-based application does not require 
participants to install an application on their device, which is a consideration for some users. 
 
Figure 8.1. Communication page after sharing a ride which gives an opportunity to riders to send quick messages 
and see other parties on a map. 
The ridesharing application consists of four main sections. The ‘Rides’ section 
corresponds to all the activities regarding ride management such as creating a ride and sharing 
or coordinating a ride. The ‘Message’ section includes all the communication activities 
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involving both private and group messaging. The ‘Groups’ section is the place to create ride 
groups or join ride groups. Lastly the ‘People’ section corresponds to all personal needs such as 
managing one’s profile, inviting friends to join the ridesharing application or becoming friends 
with other users of the application. A flat navigation structure was designed to allow easy cross 
navigation between sections in order to allow people to respond appropriately to the interaction. 
In Figure 8.1, a sample of cross navigation is shown where people can send short messages 
from a location finding page to communicate quickly with other parties in the ride without 
having to navigate to the message section.   
The AR application was developed as a web-based application in order to target multiple 
devices and platforms. However, this brought a limitation in the inability to push notifications 
to the mobile device. A web-based application cannot push notifications directly to a mobile 
device and an external mechanism is always needed for that. Our approach was to use SMS and 
email to push notifications. This approach included extra navigation from email or SMS to the 
browser to launch the AR application. Figure 8.2 presents an example of SMS notification. 
 
Figure 8.2. SMS notification for a private message (participants could open the hyperlink if they wanted to reply.)  
9.5.2 Self-recording approach 
The nature of mobility and contextual design makes it difficult to always follow 
standardized approaches to studying human interactions with mobile devices outside the 
laboratory (Brown, et al., 2011). Research has been conducted previously to study mobility or 
actions on the move (Dourish, et al., 2010; Kankainen & Oulasvirta, 2003; Oulasvirta, 2004), 
mostly utilising methods involving researchers shadowing participants. However, this approach 
has the general disadvantage of requiring significant investment in time and resources to 
understand people’s behaviour (Carter & Mankoff, 2005). In particular, practical obstacles such 
as dynamic changes in plans, the impossibility of following participants in moving vehicles, 
and security and privacy issues make observation difficult for in-context data collection (Blom, 
et al., 2005). In this study, we take a self-recording approach using a head mounted camera to 
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resolve the problem of shadowing for capturing interaction. Later on, we asked the group 
members to participate in a focus group session to obtain their interpretations of their 
interaction using the mobile device. This research leverages fieldwork to record and analyse 
interactions followed up with focus group sessions for people to interpret and explain their 
actions.  
Head mounted approach 
Recording methods in-the-wild provide a powerful view of interaction with mobile 
devices (Brown, et al., 2013). In most in-the-wild studies (Carter & Mankoff, 2005; Johnson, et 
al., 2012; Tamminen, et al., 2004), researchers accompanied participants and recorded their 
interaction. However for this study, accompanying participants was not possible, as some parts 
of the ridesharing activity happened in private locations such as the participants’ homes or 
offices. Therefore, head mounted cameras were used to give freedom to participants in 
conducting their ridesharing activity and so as not to limit their use to a specific time or 
location.    
 
Figure 8.3. Head mounted camera to capture interaction with the mobile device and record the participants’ 
location. 
As was found in previous research (Brown, et al., 2013), video recording of smartphones 
screens outdoors was problematic due to glare. Taking screenshots from the mobile device was 
not possible because participants used their own smartphones. Therefore, we logged 
participants’ interactions with the application digitally and mapped them with the video 
recorded interactions for the focus group sessions.  
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To solve the problem of capturing interactions with a mobile device in any situation, 
known as the camera angle problem (Brown, et al., 2013), we fixed the head mounted camera 
on a headband and set the camera to ninety degrees in order to capture a wide vertical shot as 
shown in Figure 8.3.  
9.5.3 Diversifying trials, participants and materials 
Different trials run in different ways with the same application produce diverse results 
(Brown, et al., 2011). Also, People are not homogenous and their daily travel habits are 
different. Therefore, different travel sharing activities including car sharing, bus sharing and 
bike sharing were conducted to get a corpus of diverse results.  
Twelve participants in five ridesharing groups participated in this study and nine 
participants in four groups participated in focus group sessions. For each group we conducted a 
separate session.  In this study, the main prerequisite was that participants use their own 
smartphones. It was important that people in the ridesharing group knew each other and trusted 
each other to negotiate rides therefore a snowball method was taken to recruit participants. The 
researchers recruited participants among their contacts by asking them to use the application for 
one of their travel sharing activities with their friends. The contacts also introduced the 
application to their friends and asked them to use the application in one of their shared travel 
activities. This approach was taken to form the ridesharing groups since sharing a ride with a 
stranger is key concern in ridesharing especially when a monetary benefit is not involved 
(Chaube, 2010). The researcher made contact with one person in a group and this first contact 
was in charge of coordinating with others in the group. The participants’ age ranged from 
twenty seven to forty five years old. All participants were university staff or students from 
different universities. While we recognize that this group of university educated participants is 
not necessarily representative of the broader population, this is a significant group in the 
population who are conversant with technology and use smartphones in the core of their daily 
lives.  It serves as a useful initial group to derive preliminary understandings. 
Ridesharing practices comprised one bike sharing, one bus sharing and three car sharing, 
activities. All of the interactions with the AR application in these practices were logged 
digitally. Four groups used head mounted cameras to record the interactions. Each activity 
started with sharing a ride and finished when the parties met each other. The whole activity was 
recorded using head mounted cameras. Recordings were between forty minutes to ninety 
minutes for each group.  
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In our analysis we wanted to understand what people actually do and also their rationale 
for what they do. Four to five video clips from between thirty seconds to ninety seconds were 
selected from different parts of the ridesharing practice (such as sharing a ride, location sharing, 
sending a message) for discussion in focus group sessions with each group. Focus group 
sessions provided an opportunity for participants to contribute to the design by giving 
comments on technology use and the quality of interconnectivity in situ. Each session took 
around forty five to sixty minutes and these sessions were transcribed. They were then analysed 
in order to understanding participants’ interpretations of their interactions and their thoughts 
about the application use.   
9.6 FINDINGS 
The recorded interactions along with digital records and focus groups discussions were 
analysed to understand the socialised and contextualised nature of ridesharing and the role of 
interconnectivity and application switching in the ridesharing taskflow.  
9.6.1 Socialised and contextualised nature of ridesharing and the need for flexibility of 
use 
The focus group discussions revealed that the participants usually shared a ride in an 
unstructured way, and that sharing a ride did not necessarily involve explicit statements of 
origin, destination, start time and end time. In our AR application, we included provision for 
both free form messaging and optional fields for destination, origin and time of travel in order 
to see what people preferred to use. We found that people did also fill out these additional 
fields, but that this was more an artefact of wanting to be good study participants, as found in 
[9] and to provide as much information as they could, rather than because they wanted to do 
this while ridesharing.  
Sharing information in an unstructured way in the message box produced more 
information for other parties rather than filling in the fixed fields of origin and destination. P8 
stated: 
“I would definitely like the message because I would prefer it if someone said drive to 
riverside via ring road because if it just says start point riverside and end point 
Southbank, are they going in the back way or are they going via ring road so they can 
pick me up?” 
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In daily travels in which monetary benefit is not the main incentive, socialising is more 
important. People value sharing experiences or talking about interesting things. Here is the 
shared message for a ride between P1 and P2: 
“Hi P2, Were off to the ballet! Would you like me to pick you up at 6:30 on the way and 
then we can have a coffee and a chat before it starts?”  
This example shows how everyday social chatter was interwoven with information about 
the ride. Obtaining participants’ interpretations about coordinating a ride emphasised how the 
context of a ride can dynamically change the ridesharing plan. For example: 
 “I decided to go to the supermarket but I held off from telling P7 because I wasn't sure if 
I could catch the loop bus or I would walk. [When I got the loop bus] I shared the new 
plan with P7 and asked him to meet me at the supermarket instead of the bus stop.”(p6) 
In summary, the observed sharing behaviour was clearly embedded in a social context 
and the situation dynamically changed the plan. 
9.6.2 Contextualised representation  
Participants often knew aspects of each other’s daily routines quite well, and as a result 
they sometimes possessed information such as location and time implicitly. For example in this 
ride message between P8 and P9 there was no exact time or any precise location:  
“Hi, do you want to ride in together tomorrow morning? Meet up along riverside bike 
path somewhere? ” 
Because of this “implicit knowledge”, participants easily came to an agreement about 
where to meet without mentioning it specifically in the ridesharing application.  
“Often we know the route incredibly well so if I say that underpass somewhere near 
Sylvan Rd. I know P9’s going to get which one.”(P8).  
This implicit sharing does not provide any computable information for the application 
and changes the use of the ridesharing application from a matching and scheduling application 
to a social and communication application.  
Also, we learnt from the study that participants had different perceptions about location 
sharing. For example, in some cases a simple message stating the suburb was more useful than 
a dot on a map. “We don’t need a map; we are pretty of familiar with the places. If P3 says 
Dutton Park I know where he is.” (P5); however, in another similar case the dot on a map was 
the preference. “I checked the map to see if P8 was running late” (P9) 
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Alternatively, in the ridesharing case between P1 and P2, both knew that they had a 
deadline to attend an event and trusted that the other would arrive on time. In the case that one 
party was late, they said they would make a phone call, so the location sharing was useless as 
they knew when to be where. Presumably, they could have used it to see where the other was 
located, but the view expressed was that a phone call was the best way. From examples like 
this, we found that the use and preference for location awareness mechanisms depend on the 
context of the ridesharing activity and people’s preferences. 
In summary, for many participants, implicit sharing behaviour reduces the need for the 
ridesharing application to match and schedule for them. Moreover participants’ situations and 
their preferences highlight the need for flexibility so that people can easily switch their means 
of sharing and representing information. 
9.6.3 Flexibility in application use  
In the focus group discussion, we first asked participants about their current modes of 
communication for ridesharing in their daily lives. The participants explained that the kind of 
communication technology they used depended on the audience with whom they wanted to 
share information and the types of activity they were undertaking. These factors identified the 
kind of communicating technology they used. For example:  
“I prefer face to face talk but sometimes it's not possible depending on the person [that I 
am going to share a ride with]. For example with P7 I use email because P7 checks his 
email frequently but with other friends perhaps I’d use Facebook or SMS”. (p6) 
“Sometimes if I’m going to the gym I put up on my Facebook […] because I know a 
couple of friends going to the same gym usually around the same time. But to go 
mountain biking with a bunch of friends from the school [ridesharing] was always a few 
phone calls to see who is coming?  So that might be a context where I think the AR 
application would be more useful.”(p9) 
The existence of a variety of social networks, such as groups of gym friends, 
neighbourhood friends and book club members, and the tendency to share rides within a social 
network emphasised that ridesharing was often constructed within existing social groups.  
People are already using particular communication platforms such as email lists or Facebook 
which cannot be moved to the AR application. However, the existing platforms or user groups 
have some, but not all of the functionality needed to support ridesharing well. The need for 
interconnection between the AR application and other communication platforms emphasised 
 176 Chapter 9: Mind the Gap: Exploring Interconnectivity In-the-wild 
the need for designing a mobile application that allows people to customise the use to suit their 
ridesharing activity. 
9.6.4 The role of interconnectivity to support breakdowns in the ridesharing taskflow 
There were several breakdowns in the activity that arose from shortcomings in the 
various technologies. Breakdowns are a useful source of design insights (Bødker & Grønbæk, 
1991). Here, the breakdowns helped us to learn about the importance of the AR application 
interconnectivity with other mundane technologies. Web-based mobile applications are limited 
in their access to mobile device sensors. For instance, the location awareness feature in the AR 
application was designed according to the Google Maps API, which takes the location 
information only if the participant stays on the map page otherwise the mobile device stops the 
location finding. This limitation caused a breakdown in the application when participants did 
not wait long enough for the application to find their location. Participants used other modes of 
communication to tackle this breakdown. In this study, the participants used messaging to 
broadcast locational information to other parties in the case of location-awareness breakdown. 
The messaging feature in the AR application was interconnected with Short Messaging Service 
which provided an easy way of switching between applications with minimal interruption to the 
participants’ taskflow. For example P9 mentioned: “I checked the map to see if P8 was running 
late but I couldn’t see his location so I sent the message to say I am going to be late” (P9).  
Presenting the right information at the right time (Fischer, 2012) to understand the seam 
saved participants time in accomplishing their tasks. For instance during the ridesharing 
between P8 and P9, P8 opened the location awareness page and saw this message: “P9 has not 
shared his location”. This message saved 30 seconds of P8’s time waiting to see a dot on a 
map, and instead allowed him to use other modes of communication to negotiate location 
information with P9. Since P8 could not obtain the location of P9 and he had no idea how far 
P9 was from the meeting point, he decided to use the quick messaging feature within the AR 
application, which was interconnected with SMS, to inform P9 that he would be late.  
Recorded videos showed that participants not only used the AR application but also used 
other communication modes such phone calls, depending upon their situation during a ride. For 
example, P3 called P4 to coordinate the ride instead of using online messaging in the AR 
application. This was because he did not know whether the messages were delivered or not. 
This situation happened due to a shortcoming in the application whereby it does not notify the 
sender that a short message was delivered. According to P3:  
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“It [the messaging system] wasn't immediate. I don't know if it was because of the 
application or due to the operator coverage in my place.”  
We found that switching to other modes of communication occurred a few times in each field 
trials due to a change in situation (driving), the shortcoming of the AR application (not 
capturing location) or due to the shortage of data coverage (not delivering messages) for mobile 
phones. By switching, the participants were able to perform the activity even when the 
application failed. While these examples are trivial, they emphasised two aspects of design for 
mobile applications aimed at supporting human activities, which are: presenting the right 
information at the right time to understand the seam, and providing alternatives to utilise the 
seam such as multichannel communication. The multichannel communication idea emphasised 
the need to devise ways to make the AR application interconnected with other communication 
applications on mobile devices to allow people to manipulate seams in the ridesharing activity. 
9.6.5 Appropriateness of technologies to be interconnected with AR 
As previously mentioned in the application design section, email and SMS were used as 
external notification mechanisms for the AR application. Email and SMS were generally 
satisfactory means for notifying what happened in the AR application. P9 reported: “It was 
easy to click on that [the hyperlink provided in the SMS] [when] I wanted to reply to a message 
from P8.” However, this notification mechanism was problematic for drivers because of the 
difficulty of reading notifications or responding to them while driving. The recordings in the 
study showed that the first option for participants in those situations was to make a phone call. 
Available services on mobile devices, such as spoken text messages for reading the notification 
or voice commander such as Siri on iPhone, could be used to resolve the problem for drivers of 
interacting with the application. However, these ideas should be carefully investigated before 
development. For example P1 stated: “At the moment they're not good enough to recognize the 
voice [accent].” Part of the problem with Siri is that its poor speech recognition means that it 
resists being ordinary and adopted within everyday practices.  
The other in situ example was using GPS for location sharing by sending a pin on the 
map to another party. The use of GPS for sharing locations was discussed in the focus group 
sessions. P6, for example, said she could not use this feature with her husband because he did 
not know how to use this feature. Instead, they normally used phone calls to exchange their 
locations.  
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“I previously tried to use dropping a pin on a map for coordinating with my husband 
when he wanted to pick me up in Southbank [but it did not work]. I sent a pin through my 
GPS to him but as usual he never configured it so I [had to call and] just explained to 
him again where I am.” (P9) 
The above examples and similar ones in the focus group discussions highlighted the need 
to examine emerging technologies before developing interconnectivity in order to make sure 
the use was appropriate for the target population.   
9.7 DISCUSSION 
Our findings illustrate that the ridesharing activity was highly socialised and 
contextualised and there was a need for ridesharing applications to accommodate flexible use. 
The results also emphasised the limitation of the developed application to support participants 
in a seamful environment and the importance of the role of interconnectivity to manipulate the 
seams. Here, we propose design principles for mobile applications in the wild that aim to 
enhance ridesharing activity.   
9.7.1 Design interconnectivity for flexibility of use 
The use of mobile devices in everyday life and the dynamic and idiosyncratic behaviours 
which make the design of context-aware mobile applications difficult have been widely 
discussed (Barkhuus & Polichar, 2011; Brown & Randell, 2004). Each person has a different 
way of performing a task (2011). This study investigated how a designed application can best 
support the contextualized and highly socialised activity of ridesharing. This involved 
investigation of the extent to which mundane mobile technologies and applications (such as 
SMS, email and GPS) need to interoperate with the AR application to make it easier to adopt. 
Matching in the activity 
In discussing their ridesharing experiences, the participants mentioned different 
technologies, applications and modes of communication that they used to negotiate and share 
information about their rides. The key challenge was how the AR application can fit within this 
contextualized and highly socialised activity.  
There was a consensus among the participants that the AR app became useful on certain 
occasions within their ridesharing activity. None of the participants felt that this application or 
any similar application could support all aspects of their ridesharing activity. The participants’ 
comments about the occasions when the AR app was useful shed some light on how this 
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application could fit into people’s daily travel activity. For some participants, the application 
could be an initiator (giving a hoy) to broadcast the intention to share a ride with others in their 
ridesharing network. Another use of the AR app could be an integrated group communication 
method across different mobile devices. The other suggested use of the AR app was as a 
coordination tool during a ride when parties did not have to meet a deadline but they wanted to 
avoid waiting. Participants had to be on time when there was a deadline. The variety of uses for 
different participants highlighted the point that each person had a different way of performing a 
task and the AR app became useful to fill different gaps in the ridesharing activity for different 
people.  
These findings show that the design of a context-aware mobile application for ridesharing 
in daily life should enable it to be easy to be used in different ways or to be combined with 
other applications in order achieve the user needs. Therefore, designers need to consider how a 
new application or technology can fill the gaps in an activity (such as being used as a 
coordinator or communication channel in the ridesharing case) and complement current 
mundane technologies to support the activity. This way of designing an application provides 
flexibility of application use for people and allows them to decide when to use the application. 
Level of interconnectivity 
An exploratory notification mechanism using email and SMS was developed as the 
starting point of the design for interconnectivity. This notification mechanism provides a multi 
option service for participants to be aware of activities happening in the AR app. This 
exploratory approach gave control of use (Stromberg, et al., 2004) to the participants and 
allowed them to decide how to deal with notifications. The participants demonstrated a variety 
of behaviours in interacting with the notification mechanism. Some used email as the main 
medium to check their notifications, some used SMS and others checked the application 
immediately to be aware of new notifications. The findings showed that SMS and email helped 
the participants to reduce the number of times they had to refer to the application. However, 
comments about adding the option to reply to the notification straight away inside the email or 
SMS highlighted that people were seeking flexibility of use and the fact that interconnectivity 
can always be expanded and can evolve in use. The key lesson is that taking an exploratory 
approach to examine interconnectivity is a good starting point for designing to meet the needs 
of people. This approach allows them to create new ideas and evolve the use during the 
practice. 
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Design interconnected applications for seamful environment  
Broll and Benford (2005) investigated the benefit of knowing the seams and taking 
advantage of the seams during mobile phone use in an urban game setting The participants in 
the RA app study faced infrastructural and technical seams. They navigated those seams using 
mundane applications on their mobile devices such as phone and SMS. Here, we discuss 
infrastructural and technical seams in order to understand how to leverage mundane 
technologies on mobile devices to maintain reliability across the seams. 
Infrastructural seams 
Mobile devices in general and smart phones in particular present information for people 
to make infrastructural seams visible (such as being out of 3G coverage) and allow them to 
make decisions immediately based on their situation. The participants in this study resolved the 
problem of being out of data coverage and the resulting inability to use the application for 
coordination by changing their mode of communication from online messaging to phone calls. 
The participants in this study knew each other and could make phone calls easily. For future 
design, the AR application could provide a phone call feature to riders by allowing them to 
disclose their phone numbers to friends in their ridesharing network. This is an 
interconnectivity feature between the AR application and a mundane technology. 
Technical seams 
The software shortcoming of not showing the delivery status of a message caused 
frustration, confusion and waiting for one participant. Finally, the participant decided to not 
wait for the application and made a phone call to communicate. The hardware shortcoming of 
being unable to capture the participant’s location while he knew that he had full data coverage 
left him waiting and wondering. The key factor for an application is to present information 
about invisible seams such as these. These seams are called technical seams and include both 
hardware and software seams. 
Presenting the right information at the right time (Fischer, 2012) helps people to 
construct their understanding about the seams and decide how to deal with the seams. On the 
one hand it is impossible to predict all the situations and imperfections during the design stage 
(Dourish, 2004). On the other hand, it is possible to leverage mundane technologies to provide 
alternatives within the application that allow people to negotiate the seams properly.  
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9.7.2 Identification of mundane technologies in design time 
Developers of mobile applications use the technologies available in mobile devices to 
provide better services to end-users. However, their development is based on a weak 
assumption that if the technology exists then it is readily accepted and easy to use in people’s 
everyday lives. A number of examples elucidate that having the technology at hand does not 
necessarily mean that people are familiar with using it. There were multiple situations in the 
present study where drivers could not respond to message notifications because they were 
driving. In these cases, the participants normally pulled over and made phone calls to 
communicate with the other party. These examples emphasised the need for a voice 
commander feature for the AR app. When the idea of using a voice commander was discussed 
in the focus group sessions, the participants highlighted the drawbacks of voice commander 
technology including not being smart enough or not being able to recognise multicultural 
names and accents.  
Mundane technologies are those quite unremarkable technologies that, given the context 
in which they operate, have become ordinary (Graham & Rouncefield, 2007). Designers need 
to investigate the acceptance rate of technology among the target population and the preference 
for use before incorporating available technologies on mobile devices. Alternatively, designers 
must find ways to support the evolution in use of emerging and desirable, yet buggy, 
technologies like Siri. 
9.7.3  Lessons from the approach 
A self–recorded video as with all field trial methods, has a series of pros and cons. 
Participants were not accompanied for observation and recording which was considered an 
advantage from their perspective. Participants stated they were comfortable using the 
application and did not feel pressure to do things right since no one was observing their 
interactions. This approach gave freedom to participants to record whenever and wherever they 
liked. However, recording interaction became problematic in some situations, invading 
participant privacy.  Interactions with their mobile phone were not limited to the ridesharing 
activity during the recording. In cases that participants received a private message they had to 
stop or postpone recording to respond. Participants preferred to record their interaction outside 
their houses to protect their privacy or just for modesty.  
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P9: “When I was recording when I’ve got the notification from agile rideshare from P8 I 
was at home but I went out I mean I didn’t have really a reason but I thought that’s just 
not recording my home.”  
P8: I guess that’s just modesty. I checked the message before I went to bed and I chose to 
do that on the sofa before going to bed because It’s probably be inappropriate if I’m in 
bed for the research. 
Letting participants use their mobile device removed the burden of learning to interact 
with new mobile devices and allowed researchers to capture interconnectivity in a natural way. 
However, this approach provides a burden for researchers to map the interaction from digital 
logs in the system with the video recording which was identified as a problem of ethnographic 
approaches in-the-wild (Crabtree et al., 2006).  
Finally, interpretations of participants needed to be mapped to their interactions in order 
understand the activity. One participant shared her private ride with social networking sites 
using the AR application in spite of other participants. When she was asked about the 
interaction, it appeared that it was unintended; She was making herself familiar with the 
interface and functionality of the application. Not having these follow up conversations may 
lead us to an incorrect perception of an interaction. 
9.8 CONCLUSION 
Our research built upon work by Barkhuus and Polichar (2011) of looking beyond the 
interface and applicability of a mobile device to direct the design focus towards the 
interconnectivity of applications and switching between applications in order to maximise use.  
The study reported in this paper took an in-the-wild approach to create many in situ examples. 
This research aimed to understand how participants interoperated an agile ridesharing 
application with the mundane applications on their mobile device to perform their ridesharing 
activity in a seamful environment. 
This study contributes to the HCI field by giving some principles for the design of an 
interconnected mobile social application for a daily activity. These design principles are:  
 Designers must consider how a new application or technology can fill the gaps in the 
activity and complement current mundane technologies to support each part of the 
activity. instead of designing a new technology to support the whole activity. This 
approach allows people to have flexibility of use. 
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 By leveraging mundane applications on smartphones, alternative communication 
options can be designed to maintain reliability across seams. 
 Mundane technologies and their preference of use among the target population 
should be identified before interconnecting any available technology in the mobile 
device with the application; for example, technology such as Siri is yet to be widely 
accepted in use and yet to be regarded mundane. 
In future, it would be ideal to evaluate the application over a longer period of time with 
more participants who are familiar with the agile ridesharing application. Eventually, a better 
understanding of habits for sharing travel will be obtained which we anticipate will confirm the 
findings of this research and validate the design principles. 
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Chapter 10: Conclusions 
This research developed a human-centred framework for the design of context-aware 
mobile social applications. This was achieved by investigating and understanding real human 
needs in daily activities and by examining many situations in which context-representations 
were evaluated in use. The objectives were to identify needs from a human perspective in the 
design of a mobile social application to support daily travels, leverage emerging social contexts 
to support the design and conceive ways to bridge the gap between representational and 
interactional views of context. This research proposes a series of design recommendations for 
ridesharing applications to promote participation. 
10.1 IMPLICATIONS FOR THE DESIGN OF A MOBILE SOCIAL APPLICATION  
This research contributes to the design of mobile social applications for daily activities by  
 Identifying motivations for the use,  
 Designing for effective integration with other technologies and  
 Designing an intelligible interface for interaction 
These principles are outlined in the rest of this chapter. 
10.1.1 Identifying Motivations 
This research demonstrated that involving people in the development of context-aware 
mobile social applications unfolds the complexities of a non-routine and contextualized daily 
activity and discloses new motivations for the application use.  
The analysis of mobile diaries showed that daily travel is more complicated than just 
considering the start and end time which constitutes much of the premise of design for current 
ridesharing application. Participatory analysis of the travel diaries identified that participants 
normally considered a variety of factors in their daily travel, such as being on time, costs 
(fuel/parking), finding locations, safety, traffic, luggage or bulky items and the household 
calendar (schedule). These factors provide a series of new motivations for sharing rides such as 
sharing a ride to be safe, courier sharing, or sharing information about travel just to keep in 
touch with others. Additionally, events and ideas arising in daily travel often change travel 
 Chapter 10: Conclusions 187 
plans. Opportunistic behaviour arises. Therefore, this research identified that ridesharing 
applications should be flexible enough to allow users to share these emerging changes simply.  
In many cases socialising may be a primary consideration in ridesharing, where people support 
friends, or find ways to spend time with them. Similarly, not-socialising, spending time alone 
and having the freedom to travel without social commitment, is also important. 
A ridesharing system that can comprehensively express emerging constraints to the user’s 
friends may seem like a good idea. However, in reality, many of these constraints may be 
unarticulated.  Therefore, a system that supports well the daily communications that people 
undertake to share and coordinate that intertwines this with travel sharing support and 
encourages travel-sharing communication may come closest to meeting needs.  
10.1.2 Effective integration 
Putting people at the centre of the design and development of a mobile social application 
for a daily activity identified that supporting a variety of interactions, intentions and different 
uses of technology in different situations is not possible by designing a standalone application. 
Therefore, there is a need to shift the design thinking from developing an application to support 
the whole practice to developing an application that fills the gaps that may not be covered with 
current technologies. The mobile diary studies, participatory analysis workshops and in-the-
wild studies highlighted the fact that participants preferred to use new applications only in 
situations where the mundane technologies on their mobile device [e.g. SMS, Email] were 
unable to support them in their activities. This means that designers need to identify the gaps in 
a daily activity which cannot be supported with current technologies and try to design for those 
specific gaps. However to fill the gaps left by current technologies, new mobile social 
applications should be designed to easily fit into and enhance the emerging task flow in order to 
maintain reliability and allow flexibility of use. Flexibility of use gives control to people to use 
the application whenever it is necessary. Moreover, they do not need to rely on the application 
for the whole practice. Additionally, interconnecting new applications with current mundane 
technologies allows people to continue their task and accomplish it in a real environment full of 
the seams that exist between different infrastructures, platforms and devices [e.g. converting to 
SMS from a web-based communication application when the phone is out of internet 
coverage].   
Involving participants in the early stages of development helped researchers to 
understand the barriers of use for technologies available on mobile devices that developers may 
wrongly assume are useful and mundane for people. It also identifies opportunities for effective 
 188 Chapter 10: Conclusions 
integration with existing and new technologies. For example, even if voice technologies such as 
Siri are not yet very accurate, it was identified that voice control made using a small number of 
commands provided a lot of value to drivers in ridesharing activities.  
10.1.3 Intelligible interface Design 
Traditional participatory design approaches and user-centred design approaches have 
involved stakeholders intensively in the design and evaluation stages, while in the world of 
ubiquitous computing more timely, flexible, exploratory and situated formats of engagement 
with people are required (Brereton & Buur, 2008b). Therefore, this research aimed at involving 
participants to design an intelligible interface in the wild as well as in the laboratory.  
Iterative participatory developments demonstrated that participants preferred to use free 
form messages to express their daily travel complexities and the ability to refine their audience 
to avoid sharing private information with strangers. Additionally, this involvement helped 
researchers to identify effective visualisations and icons for the interface that are easily 
understood by people.  
Overall, designing a human-centred framework for the design and development of a 
mobile social application that involves participants collaboratively in all stages provides design 
understandings that may be useful to reduce the risk of application failure outside the 
laboratory. 
10.2 DESIGN PRINCIPLES TO RECONCILE TWO VIEWPOINTS 
Three sources of data were analysed in order to understand how to reconcile 
representational and interactional viewpoints of activity: 
1. Messages submitted in the application; 
2. Feedback obtained from the iterative participatory developments activities; and  
3. Participants’ interactions outside the laboratory as revealed through self-reported 
messages and head-mounted camera video data. 
The analysis revealed that the best way to support reconciling of representational and 
interactional viewpoints is to give control to people in order to interpret the represented context 
and stream of social messages and to decide for themselves in situ how to proceed. The design 
approach that follows then is an integrative one that considers good visual design, user control, 
and social context information together to help people in reconciling these two viewpoints 
easily. For good visual design, it is best to use elements, which are understandable for people, 
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and to validate these elements in the early stages of application design. For good user control it 
is best to reduce the configuration barriers for privacy while keeping people as the main 
controller of their privacy. For effective computing of the social context, it is best to design 
applications to learn from existing collective practices in social communities. For example, 
understanding the special characters which are used in free form of messages to highlight a part 
of a message [e.g. @ for identifying the time] and take advantages of these patterns to compute 
the content and present related information to users’ friends.   
10.3 RECOMMENDATIONS FOR RIDESHARING APPLICATIONS 
This research identifies new opportunities for technology-supported ridesharing, which 
have been ignored in current mobile applications for ridesharing. People use travel to 
accomplish many kinds of activities and to socialise. Moreover, they need to travel in the 
context of social activities such as the need to meet or work together. As such, it is important to 
expand the framing of ridesharing beyond the traditional “time, origin and destination” 
conception to a more expansive conception of a flexible, emergent social and functional 
activity. For example travel from work to home may cover other activities such as shopping for 
groceries or picking up a child from school. As a result, a ridesharing application could attract 
more participants by expanding opportunities for sharing transport such as allowing people to 
seek or offer a courier sharing. It could also attract more participants by connecting into the 
social discussions of school sports team parents, community organisations etc.  
This research has revealed that ridesharing offers emanate from large online social 
networks of people with common interests. Although these people are not necessarily close 
friends, the social and group identity in the sites creates conditions in which some members feel 
sufficient trust to offer to share rides and goods transportation. This understanding indicates 
that there are new opportunities for technology-supported ridesharing to integrate and relay ride 
messages collected from local social networking groups in a more static website (for instance a 
local community website) to increase awareness and grow participation. However, the design 
for integrating and relaying to other sources should consider at least three principles for 
integration and relaying which are (i) preserving the social context of messages while 
integrating, (ii) anonymising to protect the privacy and (iii) skilful visualization to present the 
ridesharing information in a way that is intelligible to people.. 
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10.4 REFLECTIONS ON THE RESEARCH PROCESS 
This thesis reports findings from a study of designing a mobile social application for an 
ad hoc activity, ridesharing. The exceptional aspects of this research process have been the 
extensive use of broader context to understand the ridesharing activity such as studying the 
characteristics of ridesharing activity in daily travels or in social networking sites.  The 
challenge of researching in this manner has been to accept that: 
1. Traditional data collection approaches such as surveys and interviews do not disclose 
the motivations for ridesharing activity in daily life. 
2. The results for ridesharing are not generalizable to all cultures and establishments. 
3. Growing participation outside the laboratory is a very difficult task to perform within 
the research timeframe. 
These challenges were realised during the study and resolved by leveraging new methods 
of data collection and analysis. The progression of these approaches over time is reflected in 
the papers presented in this thesis. Earlier papers reflect the new approaches used to disclose 
the irregular nature of daily travel and the role of ridesharing in daily travel. Later papers 
investigate approaches to transform ridesharing characteristics into application features and 
evaluate these features outside the laboratory.  
Traditional approaches to studying mobility require extensive resources and are very time 
consuming, for instance shadowing people while they are mobile to understand mobile context 
(Oulasvirta, 2004; Tamminen, et al., 2004). This research used in situ and self-reporting data 
collection methods without chasing participants. Most adults in the selected demographic could 
use technologies such as email and camera on their mobile devices to report interesting things 
in their daily travel spontaneously. This benefitted the research by revealing unseen aspects of a 
daily travel activity.  
While this research demonstrated interesting findings to grow participation in ridesharing, 
it is worthwhile mentioning that these results are the outcome of conducting a study locally. 
Cultural or moral norms are significant factors in ridesharing. Whereas one person might 
consider a ridesharing activity in a particular situation to be safe and secure, someone else from 
a different cultural background or in different locality might consider a similar ridesharing 
activity to be unsafe and insecure. Infrastructural aspects are also very important which makes 
the result ungeneralisable. For example, ridesharing for commuting in San Francisco Bay is 
common and popular because of the incentives to use the high occupancy lanes. However the 
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same approach was a failure in Brisbane motorways because of the insufficient infrastructure to 
persuade people to share their empty seats. Therefore, following these recommendations is not 
a guarantee that every ridesharing program will necessarily become successful.  
The ideal approach to obtain design feedback for the mobile social application was to 
have people in the selected demographic use the application for a specific timeframe. However, 
people are occupied with their daily life, and their ridesharing activity was not continuous and 
daily, such that it produced a significant amount of data in the timeframe. The attempts to 
advertise and get participants at university and at the selected outer dormitory suburb were 
unsuccessful. Though the application had more than one hundred registered users and more 
than four active ridesharing groups in a year, the participation was very low due to people 
failing to find a ride with someone suitable. Additionally, research agendas were not the 
priority in the busy day-to-day lives of people, which made it difficult to get people together in 
a room for any period to talk about the research. These factors forced us to change the data 
collection and analysis approach. Instead of testing the application in the community, a 
snowball method was taken to form groups of people who had same interest for travel and were 
willing to use the ridesharing application for one of their trips. To diversify the study, each 
group used the application for a different type of ridesharing such as sharing their car, 
travelling by bus together or riding their bike. A non-shadowing data collection approach was 
designed to make the observation genuine by using a head mounted camera. This approach 
gave participants the control of recording and kept their privacy. This approach provided a 
corpus of ancillary information such as participants’ location which helped them to remember 
the activity and interpret their actions more clearly in the focus group discussions. 
10.5 SUMMARY AND FINAL CONCLUSIONS 
This research developed a human-centred framework for the design of context-aware 
mobile social applications from the socio-technical perspective by proposing a series of 
understandings.   
Supporting a highly socialised and contextualised daily activity that includes a variety of 
interactions, intentions and different use of technology in different situations is not possible by 
designing a standalone application. People use different communication channels and various 
socialising applications to connect with different groups of friends, thus designing an 
application that supports the daily activity is not the solution.  Designers needs to think of ways 
to identify the gaps that may not be covered with current technologies and try to fill these gaps 
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using an integrative approach which considers intelligible interface design and flexibility of 
use. For example, this research identified that people need to travel in the context of social 
activities such as the need to meet or work together. As such, it is important to expand the 
framing of ridesharing beyond the traditional “time, origin and destination” conception to a 
more expansive conception of a flexible, emergent social and functional activity. The designed 
mobile social application for ridesharing provided a messaging mechanism for people to 
express their daily travel complexities and the ability to refine their audience to avoid sharing 
private information with strangers. 
This research identified that smart phones provide a variety of technologies for 
communication such as email, SMS, social networking applications and so forth. Likewise, 
people use a mixture of these technologies in hand to connect with different groups of friends 
for ridesharing such as email groups, contacts in social networking websites, and online local 
community groups. Therefore, designers need to think of ways to effectively integrate the new 
designed mobile social application for ridesharing with the current social technologies at hand 
[e.g. email, social networking sites]. This effective integration allows people flexibility of use, 
meaning that they can switch easily between applications to continue their task and accomplish 
it in a real environment full of heterogeneous platforms and devices. Involving participants in 
the early stages of development helped researchers to understand the barriers of use for the 
effective integration of other supporting technologies.  For example current voice technologies 
such as Siri are not yet very reliable for most participants. However it is still worthwhile to 
investigate how to use a few voice commands for the application to provide assistance for 
drivers in the ridesharing activity.  
 Finally to design and evaluate a mobile social application for real environments, 
designers need to seek data collection and analysis approaches that reduce the intrusion into 
people’s private lives while keeping people as both the focus and major collaborators in the 
design. A series of approaches such as self-reporting using mobile diaries, self-recording of 
interactions using head-mounted cameras may be useful in order to reduce the intrusions to 
design participants whilst obtaining rich contextual data. Participatory analysis of diaries, 
participatory development activities and focus group discussions represent a means of keeping 
people in control of the design. 
In conclusion, this research contributes to the literature on mobile social technologies by 
developing a series of design principles as listed in below: 
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 Prior to the design of any mobile social technology to support people in any of their 
daily routines, it is essential to understand the fabric of social interactions in that 
specific daily routine. This fabric includes the physical and virtual sharing 
infrastructures (e.g. social networking groups, local community events etc.) and the 
networks of relations formed between people within these sharing infrastructures.  
 Understanding the fabric of social interaction in a daily routine requires an 
exploratory, non-interrupting and situated format of engagement with people which 
is achievable through using new modes of self-reporting [e.g. mobile diaries] and 
self-recording approaches [e.g. head-mounted camera recording]. 
 In the design of mobile social applications, it is worth considering solutions that 
effectively integrate new or emerging technologies with current technologies that 
people already use habitually on their mobile devices.   
Possible future research areas include:  
1. Investigating the effectiveness of an integrative mobile social application to streamline 
communications for daily travel in a community with shared interests; And  
2. Proposing design implications for effectively managing ridesharing in instances where 
the ride(s) are organised through ephemeral social sources such as local communities on 
Facebook. In this case the relevance and availability of individual messages is 
temporally constrained, but the activity itself is part of the footprint of ridesharing in the 
community, and it might be helpful if such activity were made more public, even in an 
anonymised way, so that others are aware of it. A static website that keeps people 
informed about all anonymised ridesharing activities in the community, might serve to 
grow the practice of ridesharing. 
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Reframing the design of context-aware computing. In Little, Linda & Coventry, 
Lynne (Eds.) Proceedings of the 25th BCS Conference on Human-Computer 
Interaction, Discovery Museum, Newcastle upon Tyne, UK. 
Abstract 
From   location-aware   computing   to  mining   the  social   web,  representations   
of  context   have promised to make better software applications.  The opportunities  
and challenges of context-aware computing    from   representational,    situated   and   
interactional    perspectives    have   been   well documented,  but arguments  from 
the perspective  of design  are somewhat  disparate.  This paper draws  on both 
theoretical  perspectives  and a design  framing,  using  the problem  of designing  a 
social mobile agile ridesharing system, in order to reflect upon and suggest design 
approaches for context-aware  computing. 
Keywords: Context- aware computing, design, reframing, mobile social computing, 
human-computer interaction 
1. INTRODUCTION 
For more than a decade, research in the field of context aware computing has aimed 
to find ways to exploit situational information that can be detected by mobile 
computing and sensor technologies.  The goal is to provide people with new and 
improved applications, enhanced functionality and better use experience (Dey, 
2001). Early applications focused on representing or computing on physical 
parameters, such as showing your location and the location of people or things 
around you. Such applications might show where the next bus is, which of your 
friends is in the vicinity, which moves are about and so on.  With the advent of social 
networking  software  and microblogging  sites such as Facebook and Twitter, 
context-aware computing is moving towards mining the social web in order to 
providing better representations  and understanding of social context. 
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In this paper we begin by recapping representational and interactional views of 
context. We then discuss the problem of context- aware computing from a design 
perspective. 
2. CONTEXT- AWARE COMPUTING 
Context-aware computing was first discussed by Schilit and Theimer (1994) as 
software that ‘‘adapts according to its location of use, the collection of nearby people 
and objects, as well as changes to those objects over time’’. Context aware 
computing arose, not only to exploit new possibilities but also to address some of the 
known challenges in human-machine interaction. 
Suchman’s   1987  classic   observational   study  of people trying to interact with a 
new prototype photocopier system revealed that one of the fundamental problems in 
human-machine communication   was   that   the   human   only   has available  the  
machine’s  instructions  but  does  not know  the  internal  logic  of the  machine,  
while  the machine only has available to it the direct actions of the human upon it, 
but does not have any means to understand the wider context of the human action. 
In part the drive to design context aware computing arose as a response to the 
identification of this fundamental communication problem, of both the machine   
being   able   to   better   understand   the human   and   the   human   being   better   
able   to understand the machine (mutual intelligibility). 
But the possibility  that mutual  intelligibility  can be fully  addressed  by  making  
available,  more  of the context   to  both   the   human   and   the   machine,  through  
sensing  technologies,   visualization, machine   intelligence   in   the   form   of   a   
more extensive  internal  logic,  and  new  representations has serious limits 
(Suchman, 1987; Dourish, 2004; Brown  and  Randall,  2004)  and  this  poses  limits 
and design paths for context aware computing. 
Suchman’s study established, drawing upon the traditions of ethnomethodology and 
conversation analysis,  that  how  a  human  would  or  machine should  act in a 
situation  could  not be completely specified  apriori.  Instead, while plans for action 
were helpful resources, they could never be entirely complete, anticipating every 
possible situation and contingency.  Suchman  articulated  that  all  actions are   
'situated',   that   is   -  they   depend   for   their meaning   on  the  situation   in  
which  they  occur. Actions are ad hoc, taken for specific rather than general 
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purposes, and their meaning is irreducibly connected to the viewpoints, interactions, 
histories and local resources of those making sense of the situation at the time. 
(Harrison et al, 2006). While, plans are representations of action, actions themselves 
result not from rules or plans but from situations. 
Extending the line of argument to context-aware computing,  Dourish  (2004)  points  
out that context cannot  be  seen  as  a  form  of  information  nor  as stable,  
delineable  and separate  from  activity.  The scope of context that is relevant is 
defined dynamically,   is   particular   to   each   occasion   or activity   and   arises   
out   of   the   activity   itself. Moreover,   as   technologists   our   concern   is   to 
support the evolution  of practice, the conversation with materials (Schon, 1983) out 
of which emerges new forms of action and meaning. 
Brown and Randall demonstrated the importance of situated    activity    and   the   
limits   of   predictive scenarios in trying to guide design when he considered the 
problem of the context aware telephone   that   knew   when   not   to   ring.      The 
scenario posed seemed reasonable enough, that a phone  will  always  vibrate  and  
never  beep  in  a concert, if the system can know the location of the cell  phone  and  
the  concert  schedule.  But Brown and Randall’s observation of how people decided 
whether or not a phone should be answered in everyday situations found that the 
phone was enmeshed in complex social contexts. People had appropriated  caller  ID,  
voicemail,  or  the  help  of friends  to  screen  or  avoid  answering  depending upon 
the situation at hand and had sometimes then decided to answer if the caller 
persisted, because it might be important and so on. 
Brown and Randall’s investigation led to design recommendations   for context   
aware   computing, that  
(i)  Technology provide context to users through simple structures (such as. 
caller ID) allowing users to make sense of that contextual information 
themselves. 
(ii) Context be used defensively, in such a way that incorrect inferences will 
not be a serious inconvenience to users. 
(iii) Technology focuses on communicating context, rather than attempting to 
compute and process it. 
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Further Brown and Randall (2004) emphasised the importance of dwelling with 
technology because conditions of possibility change and new norms can arise over 
time. 
The  ideas  were  further  elaborated  by  (Chalmers and Galani, 2004), who 
introduced the notion of seamfulness, where interesting aspects of context (such as 
caller ID) are made explicit for human interpretation, as opposed to seamlessness, the 
promise of automatic systems, which inevitably fail to deliver in many 
circumstances. 
Reasoning from the situated and interactional perspective has not halted the research 
and development of context aware computing. In many cases the context relevant to 
the application may be stable enough and simple enough that the functionality    of   
the   application   is   useful.   For example,   mobile   phones   with   embedded   
GPS enable you to see your own location as a dot on a map,  an  very  simple  
contextual  structure  that  is also extremely useful, and while it does break down at   
times   due   to   poor   reception,   that   lack   of movement  of the dot on the map 
provides  a clue that this is the case. 
Barkhuus and Dey, (2003) in short term conceptual studies of simple context-aware 
applications, found that people were willing to accept a large degree of autonomy 
from applications as long as the application’s usefulness is greater than the cost of 
limited control, and presumably the errors. 
Recently and since the initial ethnomethodological critique   of   context   aware   
computing,   (Dourish, 2004) much of the research has tended toward the enabling 
middleware layer for context aware computing, establishing ways of dealing with 
complex context, sensor fusion, and inferring logic for context recognition. However, 
since many of the components needed for designing and building context-aware 
applications and services are now available in mobile phones (integrated GPS, 
accelerometers   and  other  sensor  functionalities), the   time   has   come   to   
consider   context-aware services  and  applications  more  extensively. (Hakkila et al 
2009). 
And with the advent of social networks and the increasing interest in social context, 
context aware systems research is moving into more complex relations that involve 
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more than one person, rather than simply one person and their own phone in the 
world. 
3. SOCIAL AND MOBILE SYSTEMS AND THE PROBLEM OF MAKING 
THE IMPLICIT EXPLICIT 
Kjeldskov and Paay (2010) considered the concept of indexicality another 
ethnomethodological concept, elaborated by Garfinkel and introduced to HCI by 
Suchman, as a founding and sensitizing concept for designing mobile context aware 
interfaces. Indexicality expresses the idea that our representations and actions often 
depend for their meaning on a reference to other things. Kjeldskov and Paay found 
“that people were particularly good at using visually prominent outlines of their 
immediate surroundings or distinct physical objects such as the layout of a room, 
parts of the skyline, or a distant tram) to align the system with their surroundings. 
They frequently used labels and headings in the system to match up with labels and 
signposts in their physical surroundings to create a meaningful indexical sign out of 
the information presented on the screen to that particular physical context. Their 
findings give recognition to the fact that context need only be hinted to and that 
much context can be implied through reference. However in suggestions for further 
work they introduce the idea of systematic decomposition as the path toward 
elaboration of context aware computing. 
“Further   research   also   needs   to extend   the range   of   contextual   factors   
indexed   to,   for example,   the   aspects   of   context   related   to activity, time and 
other information.  This  could also include  a systematic  decomposition  of the 
different aspects of context and related sources of  information  that  a  system  might  
provide  an index to.” 
This path of context elaboration and systematic decomposition puts context to the 
foreground (even though the thrust of Kjeldskov and Paay’s inquiry relates to subtle 
inference). The concern in putting context in the foreground and focusing system 
development in this way is that is tends to privilege that which is easily abstracted, 
while marginalizing other perspectives. It was only in evaluating the indexical 
mobile systems that the issue of privacy arose, from users, and it merits only a side-
note. 
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“On  a  side  note  to  this,  once  knowing  how  a system made use of people’s 
history and rhythm of social interactions, many people expressed concerns  and  
uncertainty  about  how  to control this system behavior in relation to issues of 
privacy.” (Kjeldskov and Paay, 2010). The  paradox  with  respect  to  social  context  
and privacy is evident, it seemed promising  in the first instance  as Keldskov  and 
Paay had stated earlier on “Specifically,  we found that people like to get an 
overview of their social context, such as the presence and activities of other people in 
the surrounding  environment.”  “When social context was objectified it could be 
indexed to more successfully.”   “In   terms   of  the   limitations   of subtle factors of 
social context in the creation of meaningful indexical signs, representing social 
context in this way increases the potential for making   interpretable    indexical   
references   to social  context  by taking  something  implicit  and invisible and 
making it explicit and visible.”  
The theme is that making social context explicit and visible increases its potential.  
The rapid uptake of social  networking  software  certainly  indicates  that this is the 
case, however it does leave aspects of non-use,  the problems  of explicit  context  
such as privacy   concerns,   and   the   potential   of   implicit context as 
afterthoughts. 
The   use   of   explicit   social   context   data   made available in social networks that 
have little or no privacy  controls  (even  when their users think that they do) leaves 
users susceptible to context aware spam   and   phishing   attacks,   which   come   
from people  who  they  think  they  know,  using  not  only their  email  addresses  
but also  their  birthdays  etc and other private information to generate authentic 
looking communications (Brown, Howe et al, 2009). 
4. REFRAMING THE DESIGN OF CONTEXT- AWARE SYSTEMS 
While the research question of how we can utilize context-aware computing is prima 
facie not an unreasonable  one to ask, this paper argues that it may be more helpful to 
explore broader design challenges, within which context-aware computing might  
play  a role,  and  to see  within  this framing, whether context- aware computing 
reveals itself as useful. Explored from a broader design frame, context-aware 
computing is not explored for its own sake, but at times when it is likely to useful. 
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While the HCI community has somewhat embraced the   ideas   of   ludic   design,   
design   for   fun   or pleasure,   or   critical   design   --   the   notion   that designs   
can   provoke   people   to  reflect   (in  the creative arts tradition),  there has been 
little exploration  within  HCI  of  broader  design challenges,   such   as  the  
significant   problem   of solving urban congestion and pollution. 
Where broader challenges are explored, the design attempts from the field of HCI 
often reduce quickly to ideas of explicit representation. There is little room for 
ambiguity that might allow exploration and reframing.  A broader design 
investigation will ask why people travel, what motivates them and is this right frame 
and unit of analysis for the problem, or should we be looking in a different way? 
A larger design challenge, with a significant exploration phase, rather than directly 
steering towards a technology push agenda, even has potential to lead to an “un-
design” or technology reduction agenda. 
We describe  a situated  approach  to design below with  the  purpose  of  identifying  
some  of  its  key themes. The design brief is to explore ways of reducing  congestion  
and  pollution  and  we  begin here  with an initial  proposition  of designing  some 
form of agile ridesharing socio-technical system. 
The  concept  of  agile  or  dynamic  ridesharing  is based  on the premise  that 
mobile  social software could significantly ease logistical problems and provide 
improved convenience and usability of ridesharing by allowing people to easily 
contact potential  ride-sharers  in their  extended  ride-share social network in real 
time through mobile phones. This premise is supported by research into ridesharing 
systems and cultures (Brereton et al, 2009).  However,  it  remains  an  open  
question  of how to design a successful system that encourages sharing  while  
providing  necessary  privacy protection, fitting easily into people’s daily lives and 
makes people feel comfortable  about sharing. In a true design exploration a larger 
exploration of the problem is merited possibly through proposing and critiquing 
solutions and reframing the problem. 
An assumption of most technology supported ridesharing systems is that a significant 
role of the technology support is to provide automatic ride matching  by  matching  
rider  to driver  based  upon origin, destination and travel times. From an information 
systems perspective, the power of information technology is to provide this kind of 
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automatic data matching, so that a system can efficiently bring together people. 
However, as acknowledged by all rideshare system providers, aspects of privacy, 
safety, incentives, personal preferences and ridesharing community building all need 
to be addressed. 
In questioning the conventional problem-solution framework, our prototyping 
approach set out to explore how people might want to communicate about 
ridesharing, while trying to make as few assumptions as possible about ways in 
which matching, community building, privacy and cost sharing might be addressed? 
The approach was reported in Brereton and Ghelawhat (2010). Design as a situated 
process begins with fieldwork, design propositions and investigatory prototypes or 
probes to support field work, in our case a simple investigatory communication 
prototype that allowed people  to exchange  travel  messages  with  friends on their 
mobile phone or through web console, or to represent their ride in formal fields with 
information such  as preferred  start  time,  destination  etc.  The prototype    allowed   
us   to   see   what   kinds   of messages people sent in the moment of travel. 
5. LESSONS FOR CONTEXT_AWARE COMPUTING FROM SITUATED 
DESIGN 
We draw lessons for context aware computing from fieldwork and observations of 
use of a prototype simple agile ride messaging system.  An example message read: 
“A at 6:55am: Morning walk in - very flexible with start time.  First meeting at 
10am." 
Keeping context implicit 
A striking characteristic of the communication was that people often only gave as 
much specificity as they felt was needed to open a negotiation about sharing.  People  
either  (a) knew  that  others  knew where they lived, so didn’t need to give specific 
information, (b) were happy to make a small detour in order to share such that suburb 
level specificity was sufficient, or (c) were reluctant to give specific information in a 
general post, but happy to share in follow up private messaging during ride 
negotiation. (Brereton and Ghelawat, 2010).  
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The contingencies that people communicated were clearly kinds of situated 
knowledge embodied in situated actors that would not arise prior to the situation.  
They could not be easily represented in formal fields. 
“B at 9pm Thurs:  Child drop off at Dunmore at 8:50am   Friday then to GP 
to meet Fred at 9:30 Am. Or Fred, I could meet you in church hill or 
dunmore?" 
While many such messages were written in text, some more complex situations were 
only reported retrospectively in fieldwork.  
“I didn’t’ want to park at the meters in the sun because I was on the way to 
cello lessons. The cellos were in the back of the car and it was a very hot day, 
but there was no alternative.  Then I thought  I probably  could  park  in  the  
sun  if I wound down the windows a little bit and parked for  less  than  45  
minutes,  keeping  my  meeting short. That’s what I did, and I was in such a 
rush I didn’t enter that one into the system.” 
Reframing the design problem 
People talked about meeting, walking, and sharing ferry rides, just as much as about 
offering lifts in vehicles,   suggesting   that   the   design   brief   be reframed from an 
agile ridesharing system to a socio-technical system to support meeting and 
travelling.   Because   one   can   be   a   legitimate peripheral participant and gain 
value form participating, even if one has no ride to share, a meeting and travelling 
message system could encourage broad participation, confronting the problem of 
growing to a critical mass of participants needed to make the system useful. 
Privacy,   profiling   and   interaction   considerations were paramount to people in 
determining whether they would use such a system scaled to a larger group. 
Participants considered that awareness of other  potential  riders  outside  of  ones  
friendship group was critical for adding value and motivation to  use  a  ridesharing  
system.  However designing ways to assess whether other riders were trusted is a 
non-trivial problem. 
Reframing the role of the context-aware system  
Taking a situated design approach then, the focus of  the  design  inquiry  rests  on  
investigating  and exploring   the  aspects   that  are  most   critical   in designing a 
 220 Appendices 
socio-technical  system that people will use in the long term and that fits with their 
habits. This   is  a  quite   different   approach   to  explicitly representing  context  
and  seeing  what  issues  that raises.   Moreover   the   role   of  a  context   aware 
system  becomes  much  more  helpfully  defined  to something   that  helps   makes   
connections   while protecting  privacy.  And  real  scenarios  arise  that can  help  
reveal  where  the  seams  need  to lie.  In many  cases,  people  did  not  want  their  
locations revealed,  but they were willing to show their GPS location  in certain  
situations.  For example,  in one case,  once  a  driver  had  negotiated  to  pick  up  a 
passenger, GPS representation would have helped the  passenger  to  see  how  close  
the  driver  was, because  the  driver,  while  driving,  was  unable  to phone  and  
give  an  update  on  how  delayed  they were.   In this kind of specific circumstances,  
once they had negotiated  to share  a ride, people  were happy  to  have  their  GPS  
location  displayed  to selected     people.     Otherwise,     people     raised concerns 
of home robbery, surveillance etc. 
Creating broad historic context 
While  the temptation  is to try to support  personal representation of dynamic 
context, our investigation suggests that in this case, a promising approach is to  
create  context  that  is  historic,  unchanging  (by virtue of being in the past), and 
sufficiently anonymised  that it does not identify individuals.  In the case of growing 
ridesharing, a good visual representation  showing the potential for rides from your  
home  suburb,  by  virtue  of anonymised  past offers  and  approximate  trips,  could  
provide motivation to make personal connections and offer or accept rides oneself. 
That is, the act of making visible, something that is hidden, need not only apply to 
real-time situations. Separation is kept between what is personal and dynamic and 
what can be abstracted, anonymised and recounted as history. The concept is 
employed very successfully in  the  online  selling  of  books,  where  the  system 
tells customers  that people  who bought  this book you are looking at also bought 
these books. 
6.  DESIGN AND THE THREE PARADIGMS OF HCI 
Harrison et al (2006) give lengthy consideration to the relation between design and 
three paradigms that can be identified in HCI research.   The first paradigm consists 
of a-theoretic and entirely pragmatic approaches to HCI design. The second 
paradigm is organized around a central metaphor of mind and computer as coupled 
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information processors and in this paradigm use-context is a source of information, 
which can be formalized and transmitted in service of design. The third paradigm 
recognizes situated perspectives and identifies that while meaning derives from 
information it cannot be summed   up  by  mapping   information   flow:  It  is instead 
“irreducibly connected to the viewpoints, interactions, histories and local resources 
available to   those   making   sense   of   the   interface”   and therefore to some 
extent beyond the reach of formalisation. In this paradigm, design moves to studying   
the   local   situated   practices   of   users, allows multiple interpretations and designs 
interfaces to fit their intended physical and social setting. Researchers ask how does 
the context give our design meaning and how does our design fit the context. 
(Paraphrasing Harrison et al, 2006, p6) 
In  contrast  to  the  second  paradigm,  which  often sees  theory  (such  as context-
aware  computing,  if we  consider  that  as  a  theory)  as  primary  and design and 
evaluation as ways of instantiating, testing, and developing theories, third-paradigm 
approaches   tend   to  focus   on  theory   more   as heuristics  to be drawn  on, with 
full understanding emerging   from   the   combination    of   theoretical lenses and 
what happens  practically  at the scene of  action   –  what   Gaver   calls   “humble   
theory” (2006). So ethnographic and particularly ethnomethodological    approaches,    
for   example, tend to eschew a priori categories of interest in favor of discovering 
what emerges from interaction (Emerson, et al., 1995).   (Again paraphrasing 
Harrison et al, 2006 p 6).  
In this paper we have argued for a design approach to context aware-computing that 
draws in particular on the first and third paradigms.  Whereas pragmatic design that 
is a-theoretic would be seen as a return to the first paradigm a pragmatic design 
approach  that adopts  multiple  theories  or stances and considers them non-
exclusively, also has roots in the third paradigm. 
The approach  eschews  an a priori  assumption  of making implicit context explicit 
and seeks to situate the  design  of  context-  aware  systems  within  a broader design 
framework, leaving a considered determination of what is stable enough to be made 
explicit to unfold through a situated design process. (See also Brereton 2009) 
Rather than a conservative account of design that sees design solely as a problem 
solving activity, a situated approach to design, where understanding or construction 
of the situation is core, emphasises significant research into the situated nature of the 
 222 Appendices 
problem   space,   with   an   exploration   of   theory deriving from design 
investigation as much as contributing to it. 
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